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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



NOVO NORDISK A/S, 
Plaintiff, 



JON W. DUDAS, 

Under Secretary of Commerce for 
Intellectual Property and 
Director of the United States Patent 
& Trademark Office, 



Case No: 06-1896 (CKK) 

Judge Colleen KoUar-Kotelly 

ECF 

(Opposition and Cross-Motion 
due May 19, 2008) 



NOVO NORDISK'S MOTION FOR SUMMARY JUDGMENT 
ADJUDGING THAT NOVO IS ENTITLED TO A PATENT AND 
AUTHORIZING THE DIRECTOR TO ISSUE LETTERS PATENT 



Plaintiff Novo Nordisk A/S hereby moves this Court, pursuant to Federal 
Rule of Civil Procedure 56(a) and Local Civil Rules 7(h) and 56.1, to enter summary 
judgment in its favor. There is no genuine issue of material fact, and Plaintiff is entitled 
to judgment as a matter of law. In support of its Motion, Novo rehes upon: (i) its 
Memorandum of Points and Authorities in Support of its Motion for Summary Judgment 
Adjudging that Novo Is Entitled to a Patent and Authorizing the Director to Issue Letters 
Patent; (ii) the Statement of Material Facts as to Which There is No Genuine Issue in 
Support of Novo Nordisk' s Motion for Summary Judgment Adjudging that Novo Is 
Entitled to a Patent and Authorizing the Director to Issue Letters Patent; (iii) the 
Declaration of Susan K. Nash, executed April 2, 2008, and Exhibits thereto; and (iv) the 
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Administrative Record for Application No. 09/848,774, filed by the United States Patent 
and Trademark Office on March 21, 2008. 

Plaintiff respectfully requests an oral hearing on this Motion. 

Respectfully submitted, 

/s/ 



OF COUNSEL: 

Robert Schaffer 
Samuel S. Woodley 
DARBY & DARBY P.C. 

805 Third Avenue 
New York, New York 10022 
Tel.: (212)527-7700 
Fax: (212)527-7701 



Margaret K. Pfeiffer (D.C. Bar No. 358723) 
Susan Kaufmann Nash (D.C. Bar No. 484088) 
SULLIVAN & CROMWELL LLP 
1701 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006-5805 
Tel.: (202)956-7500 
Fax: (202)956-6330 

Counsel for Plaintiff Novo Nordisk A/S 



Dated: Washington, D.C. 
April 2, 2008 
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MEMORANDUM OF POINTS AND AUTHORITIES IN SUPPORT OF 

NOVO NORDISK' S MOTION FOR SUMMARY JUDGMENT 

ADJUDGING THAT NOVO IS ENTITLED TO A PATENT AND 

AUTHORIZING THE DIRECTOR TO ISSUE LETTERS PATENT 

Novo Nordisk A/S ("Novo") respectfully submits this Memorandum in support of 

its motion for summary judgment, pursuant to 35 U.S.C. § 145, (i) adjudging that Novo "is 

entitled to receive a patent for [its] invention, as specified in any of [its] claims involved in the 

decision of the Board of Patent Appeals and Interferences," mailed September 7, 2006, in Appeal 

No. 2006-1762 ("Board Decision" or "Bd. Dec") (Admin. R. Tab 36)^ and (ii) authorizing "the 

Director [of the United States Patent & Trademark Office ("PTO")] to issue" a patent from U.S. 

Patent Application No. 09/848,774 ("the '774 Application") (Admin. R. Tab 2), as amended by 

Amendment after Final (Admin. R. Tab 23).^ 



' "Admin. R." refers to the Administrative Record for U.S. Patent Application 09/848,774, filed by the 
Patent and Trademark Office, March 21, 2008, as provided with Tab numbers and consecutive pagination. 

^ Novo is the assignee of the '774 Application. (See Recorded Assignment of the '774 Application, 
attached as Ex. I to Declaration of Susan K. Nash, executed April 2, 2008 ("Nash Decl.").) 



Case1:06-cv-01896-CKK Document 27 Filed 04/02/2008 Page 9 of 74 



The Board's Decision, affirming the rejection of the claims in Novo's '774 
Application on grounds of obviousness, was based on two scientific errors that infected the entire 
Board Decision. Both parties' experts have recognized these errors.'' Both experts have also 
contradicted the Board's conclusion that the claimed invention is unpatentable as obvious. 
Indeed, the PTO's own expert, Ms. Myrna B. Dolovich, calls the claimed invention "a new 
method of delivering a drug — a novel method of delivering insulin by aerosol." (Transcript of 
PTO expert Myrna B. Dolovich' s Deposition, taken Feb. 12, 2008 ("DT"), attached as Ex. C to 
the Declaration of Susan K. Nash, executed April 2, 2008 ("Nash Decl."), 227: 14-16.) Novo's 
expert opined that the claimed invention is not obvious. Far from disagreeing with him on this 
point, Ms. Dolovich testified that it would be "foolish" to treat diabetes by simply combining the 
two pieces of prior art on which the Board rested its decision. "[JJust show[ing] up at the door, 
so to speak, with an inhaler filled with insulin and say[ing], I am going to treat you with this . . . 
would be foolish." (DT 232:3-8.) The Board's combination "would cause — could cause all sorts 
of problems." (Id.) This testimony squarely contradicts the Board Decision. 

Based on the undisputed material facts set out in this Memorandum and in Novo's 
supporting Statement of Material Facts, Novo is entitled to a summary judgment as a matter of 
law. See Fed. R. Civ. P. 56(c). 



^ Throughout this Memorandum, Novo cites extensively to both parties" experts to confirm that these 
scientific facts are undisputed. 
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I. PRIOR PROCEEDINGS 
A. The Examiner's Rejection of the Claims'^ 

The '774 Application, entitled "Method of Treating Diabetes Mellitus in a 
Patient," discloses and claims methods for treating diabetes through the inhalation of dry insulin 
powder in aerosol form. The claimed methods deliver a controlled, reproducible dose of insulin 
to the patient's bloodstream. (Expert Witness Report of Novo Expert Dr. Ronald G. Crystal 
("CR"), ^ dated Jan. 7, 2008, attached as Ex. A to the Nash Decl., T| 3 1.) 



"^ The Examiner's "final rejection, which precipitates the statutory right to appeal to the Board," is 
incorporated into the Board's decision. In re Webb, 916 F.2d 1553, 1556 (Fed. Cir. 1990). Here, the 
Board, in addition to adding its own new grounds of rejection, seems to have affirmed the grounds of the 
Examiner's rejection, as set out in his Final Office Action; these include the proposition that the claim 
limitations concerning the amount of dry powder insulin to be put into an inhaler, aerosolized, and 
absorbed into the bloodstream could be arrived at through "routine obvious experimentation and 
observation." They likewise include the Examiner's repeated references to an "administration protocol" 
that "would have included repeated inhalation (administration) of insulin to maintain an adequate 
concentration of medicament in a patient's bloodstream." {See Final Office Action, Admin. R. Tab 16 at 
A293-A294.) As discussed pp. 28-30, infra, the Examiner's grounds were also erroneous. 

^ In considering Dr. Crystal's Report, it is important to note that there are no material disagreements 
between him and the PTO's expert. The PTO's expert is Myma B. Dolovich, a professional engineer. 
{See Expert Witness Report of Professor Myma B. Dolovich, dated Feb. 4, 2008, ("DR"), attached as Ex. 
B to the Declaration of Susan K. Nash, executed April 2, 2008 ("Nash Decl.").) At her deposition, 
Ms. Dolovich testified that she had addressed in her Report all of the statements in Dr. Crystal's Report 
that she considered to be "both important and incorrect." (Transcript of Myma Dolovich' s Deposition 
("DT"), taken Feb. 12, 2008, attached as Ex. C to the Nash Decl, 93: 1 1 - 94:5.) 

In her own Report, she addressed only four discrete points in paragraphs 35, 36, 37, 53, 
and 54 of Dr. Crystal's Report. (DR fl 12-17.) Even as to the parts of Dr. Crystal's Report with which 
she took issue in her Report, on cross-examination, Ms. Dolovich retracted these criticisms. {See, e.g., 
DT 135: 10-18 (admitting Schenk was designed to treat diseases of the lung and to reach only the 
peripheral airways, not the alveoli); id. at 171:11 - 172:5 (factors other than size of particles affect 
deposition in the lungs); id. at 227: 12 - 232: 15 (Harrison, Admin. R. Tab 13, does not teach dosing of 
inhaled insulin without extensive experimentation in laboratory); id. at 162: 1-I2 (Ms. Dolovich did not 
make the statement that "all of the medication on the peripheral airways is absorbed into the 
bloodstream," much less that all medication inhaled is absorbed (as the Board declared). She said only 
that a "portion" of medication that reaches the peripheral airways "may be absorbed." She was not 
prepared to take "a leap of faith" to say that even once all of the medication that reaches and is deposited 
on the peripheral airways is absorbed into the bloodstream); id. at 109:17-21, 106:16 - 107:5 (admitting 
that her Report's use of the term "peripheral airways" excludes the alveoli and that she does not mean that 
any device that is designed to treat asthma is necessarily designed to deliver medication to the alveoli. 

(footnote continued) 



Case 1 :06-cv-01 896-CKK Document 27 Filed 04/02/2008 Page 11 of 74 



In a Final Office Action, tlie patent examiner ("Examiner") rejected all of the 
claims of the '774 Application on the ground that the claimed invention would have been 
"obvious" under 35 U.S.C. § 103(a/ to a person of ordinary skill in the art. (Admin. R. Tab 16 
at A292.) The Examiner's conclusion depended on combining two prior art references: a patent 
publication by Schenk and others'' (Admin. R. Tab 17) ("Schenk"), and a U.S. Patent issued to 
Velasquez and others^ (Admin R. Tab 18) ("Velasquez"). (Admin. R. Tab 16 at A292.) Schenk 
describes oral inhalers used to administer aerosolized medicine into the bronchi to treat diseases 
of the lungs, such as asthma. (Admin. R. Tab 17 at A3 00; CRIJ 35; accorJ DT 94:6 - 95:1.) 
Velasquez describes a sheet material having discrete depressions that are filled with powdered 
medicine, which allows for aerosolization of the medicine for administration by inhalation. 
(Admin. R. Tab 18 at A322, Abstract; CR 1| 37; DT 93:1 1 - 94:5.) Velasquez lists insulin as one 
of some fifty drugs said to be usable in the claimed sheet material. (Admin. R. Tab 18 at A330, 
col. 6, 11. 25-42; CRT! 37.) 



(continued) 

Since Dr. Crystal addresses delivery of medication to the alveoli, Ms. Dolovich does not contradict him); 
W. at 191: 1 1-14 (the "methods" referred to in her Report as being in existence by January 29, 1993, and 
"familiar" to persons of skill in the art were methods "of being able to characterize an aerosol," for 
"capturing an emitted dose" and for "assaying drugs," not methods for administering insulin by inhalation 
to control blood glucose levels.).) 

^ Section 103(a) states in pertinent part: "A patent may not be obtained . . . if the differences between the 
subject matter sought to be patented and the prior art are such that the subject matter as a whole would 
have been obvious at the time the invention was made to a person having ordinary skill in the art to which 
said subject matter pertains." 

^ International Patent Publication No. WO 90/07351 (int'l pub. date July 12, 1990). 

' U.S. Letters Patent No. 5,192,548 (filed April 30, 1990). 
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B. The Board's Decision 

Novo amended its application by deleting some claims, which left claims 22, 23, 
25, 26, 31 and 35 pending. (Amendment After Final, dated May 10, 2004, Admin. R. Tab 23.) 
It also appealed the Examiner's rejection to the Board of Patent Appeals and Interferences 
("Board"), pointing out the Examiner's errors. (App. Br., dated May 10, 2004, Admin. R. Tab 
24.) The Board focused on claim 22 in sustaining the Examiner's rejection of all of the pending 
claims, rejecting "claims 22 through 38"^ under 35 U.S.C. § 103, as "obvious over Schenk in 
view of Velasquez." (Bd. Dec, Admin. R. Tab 36 at A448, A451.) The Board also referred to a 
third reference — 2 Harrison's Principles of Internal Medicine ("Harrison"), Ch. 337 "Diabetes 
Mellitus" (Kurt Isselbacher et al. eds., 13th ed. 1994) pp. 1986-87 (Admin. R. Tab 13)— citing 
"the evidentiary value of Harrison's recitation of amounts" of insulin to treat diabetes by 
injection. (Bd. Dec, Admin. R. Tab 36 at A449.) As shown below, the Board Decision rests 
upon two scientific errors that demonstrate its misunderstanding regarding lung physiology and 
the science behind using inhaled medicine to treat systemic diseases outside the lungs, in 
particular diabetes. (CR ^^ 40-44.) These errors, in turn, led the Board to reach four equally 
erroneous conclusions (CR IJIJ 45-54), which formed the basis of the Board's obviousness 
determination. Both parties' experts agree that the Board made these two errors. 

II. BACKGROUND OF THE INVENTION 
A. Treatment of Diabetic Patients Prior to the Invention 

Diabetes mellitus is a disease characterized by a lack, or insufficient production, 
of insulin in the human body. (CR 1| 15.) Because of insulin's key role in regulating blood 



^ In fact, only claims 22, 23, 25, 26, 3 1, and 35 were pending in the '774 Application at the time and 
subject to Novo's appeal. (Amendment After Final, Admin. R. Tab 23 at A346-A348.) 



Case 1 :06-cv-01 896-CKK Document 27 Filed 04/02/2008 Page 1 3 of 74 



sugar, diabetes is characterized by persistently high blood sugar levels, requiring that some 
diabetic patients receive insulin regularly. (CR IJIJ 15, 18.) Insulin replacement treatment has 
traditionally been administered by injection of insulin, either subcutaneously or intravenously. 
{See '774 App. as published, attached as Ex. 4 to Ex. A to Nash Decl., at ^ 0003; see also CR 
Tl 19; DT 78:3-6.) 

Patients need to receive relatively precise amounts of insulin in the bloodstream, 
because either too much or too little insulin has harmful, potentially fatal, effects. (CR ^^ 16-17; 
DT 80: 10-20.) If a diabetic patient receives too little insulin, the blood glucose will not be 
effectively lowered, which can lead to serious conditions such as cardiovascular disease, 
circulatory problems, kidney failure and blindness. On the other hand, too much insulin may 
cause hypoglycemia, a dangerous condition in which low blood sugar levels can cause a patient 
to lapse into a coma, suffer permanent brain damage, or even die. (CR Tj 16; DT 80: 10-20.) 
Because of this characteristic, insulin is often referred to as having a narrow therapeutic range, 
that is, there is a small difference between the maximum and minimum amounts that can safely 
be administered to a patient. (CR ^ 16.) Thus the dose of insulin administered to the patient's 
bloodstream must be carefully controlled and monitored each time the patient takes insulin. In 
treating diabetes, it is critical to control the amount that reaches the patient's bloodstream. 
(CR1|1|17,29.) 

Traditional insulin replacement therapy has historically involved the injection of 
insulin. This treatment supplies a consistent, repeatable, and controlled dose of insulin into the 
bloodstream of the patient. (See Harrison, Admin. R. Tab 13 at A268-69.) The PTO's expert 
described this method as one in which "the patient is drawing up an aliquot of insulin into a 
syringe and injecting if (DT 87:3-7), or perhaps using a pre-filled pump from which the patient 
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dispenses insulin via injection. (DT 87: 9- 11.) Use of injection to deliver insulin means that the 

amount of insulin to be injected is readily reproducible as a means of controlling a patient's 

blood glucose within acceptable levels. (DT 85:2, 85:10-11, 86:1-11.) Furthermore, over the 

many years that this therapy has been in use, certain principles have been identified and accepted 

for determining how often to monitor a patient's blood sugar levels, and how much insulin to 

administer. (See CRIJIJ 17-18; Harrison, Admin. R. Tab 13 at A268-69.) 

In administering insulin by injection, the treating physician and the patient must 

work together to "titrate" the insulin dose appropriate for that patient. As described by Novo's 

expert. Dr. Crystal, the process is one in which the physician starts the patient at a low dose, 

monitors the effect on blood sugar levels, and adjusts the dose as necessary. (CR Tj 18.) This 

process is then repeated until the physician is able to arrive at a dosage range that is safe and 

effective. (Id.) Even after the range is established, the patient must measure his or her own 

blood glucose levels and make adjustments in the predetermined amount administered as needed. 

(Id.) It is, for example, not uncommon for a patient to take an injection of short-acting insulin 

before a meal to counteract the expected rise in blood sugar levels associated with eating. (Id.) 

In order to titrate insulin dosage, it is essential that the insulin be administered in a manner that 

achieves a reproducible dose to the bloodstream. (Id.; DT 206:7-1 1.) 

B. The Claimed Invention Was the First to Teach a Method of Treating Diabetes 
Through a Reproducible, Controlled Dose of Inhaled Dry Powder Insulin to the 
Bloodstream. 

Because the frequent injections entailed by traditional insulin therapy can be 

painful and invasive, there has been extensive research into alternative methods for 

administering insulin, including oral, buccal (in the cheek), and nasal. All have proved 
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unsuccessful. ('774 App. as pub. IfTJ 0004-0007; CRT] 19; see, e.g., Harrison, Admin. R. Tab 13 
at A269.) 

It has long been common to treat lung disease by using inhaled medicines. (CR 
Tl 20.)^° As early as 1925, experimental data was published indicating that administering insulin 
by inhalation could cause a reduction in blood glucose level. Gansslen, M., Uber Inhalation von 
Insulin, Klin. Wochenschr. 4, 71 (1925), Ex. D to the Nash Decl. {See also CR 1| 21.) Although 
research has been ongoing for decades, no success had been achieved prior to January 29, 1993, 
the priority date to which the '774 Application is entitled.^^ (CR IJIJ 21, 12.) This was due in part 
to "poor reproducibility of the inhaled dose [of insulin]." ('744 App. as pub. at Tj 0007.) 

The PTO's expert has admitted that "[njobody was using inhalable insulin in 
1994." (DT 88:8-9; see also CR]} 21.) The '774 Application provides methods for 
administering dry powder insulin by supplying it to an inhalation device, in which it is 
aerosolized so that it can be inhaled by the patient "in a way that allows the patient to absorb a 
controlled dose of insulin into his or her bloodstream." (CR Tj 3 1; see also '114 Application.) 
The '774 Application, for the first time, provided methods to administer a controlled, consistent, 
and reproducible dose of dry powder insulin to a diabetic patient via inhalation, to treat diabetes. 
(CRTI 31; see DT 186:19 - 187:18.) 



To be administered by inhalation, medicines, including insulin, must be "aerosolized," i.e., converted 
into small particles suspended in air. (CR ^ 24.) 

" The '774 Application claims priority from an application filed on January 29, 1993, now U.S. Patent 
No. 5,364,838. The effective date for evaluating the prior art is thus January 29, 1993. (Cover page of 
'774 App. as published, attached as Ex. 4 to Ex. A to Nash Decl.) Both experts assumed January 29, 
1993 as the priority date. (CR 1 12; DR H 10.) 
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The '774 Application contains pending claims 22, 23, 25, 26, 31, and 35. The 

Board treated claim 22 as an "exemplary claim." (Bd. Dec, Admin. R. Tab 36 at A447.) 

22. A method for treating diabetes mellitus in a patient comprising the steps 
of: 

a. supplying a predetermined amount of dry insulin powder to an inhalation 
device; 

b. releasing a pressurized gas over the predetermined amount of dry insulin 
powder to create an aerosolized suspension comprising powder suspended in 
air, wherein the aerosolized suspension contains an amount of insulin that is 
2-10 times higher than the amount needed to be absorbed into the 
bloodstream of the patient; and 

c. inhaling the aerosolized suspension at a flow rate and volume sufficient 
to allow the patient to absorb in the bloodstream a controlled dose of insulin 
that comprises between 1-50 units of insulin. 

For purposes of analyzing the Board's errors, claim 25 should also be considered 

as an exemplary claim. 

25. A repeatable method of regulating blood glucose levels in a human 
patient, the method comprising the steps of 

a. supplying a fixed quantity of dry insulin powder to a portion of a hand 
held inhalation delivery device; 

b. propelling a gas over the fixed quantity of dry powder to produce, in a 
repeatable manner, an aerosolized suspension of insulin, the aerosolized 
suspension containing more insulin than is required in the bloodstream of the 
patient to achieve a satisfactory blood glucose level; and 

c. flowing at least a portion of the aerosolized suspension through a mouth 
piece on the device and into the lungs of the patient in a manner sufficient to 
cause the patient to absorb in the patient's bloodstream a sufficient, 
controlled quantity of insulin to achieve acceptable blood glucose level 
following treatment. 

(See Amendment After Final, Admin. R. Tab 23 at A346-47.) 

The Board focused on three elements, or limitations, of the above claims. First, 

the Board addressed the limitations of creating an aerosolized suspension of insulin powder 



"During examination, 'claims ... are to be given their broadest reasonable interpretation consistent 
with the specification ... as it would be interpreted by one of ordinary skill in the art.'" In re Am. Acad. 
ofSci. Tech Ctr., 367 F.3d 1359, 1364 (Fed. Cir. 2004). 
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containing an amount of insulin that is greater, and in one respect 2-10 times greater ("2-10 
range" limitation), than the amount needed to be absorbed in the bloodstream of the patient. This 
limitation is found in 22(b) and 25(b) above/^ Second, the Board addressed the element of 
delivering a controlled quantity or dose of insulin to the bloodstream, present in 22(c) and 25(c) 
above/'* The third element is that to a repeatable method of treatment ("repetition limitation") as 
described in claim 25/^ The Board's scientific errors, see pp. \1-10, infra, caused it to reach 
erroneous conclusions that each of these limitations was taught in the cited prior art, as well as a 
fourth erroneous conclusion: that the amount of insulin needed by diabetes patients is not critical 
to the invention. 
C. The Undisputed Science Behind the Invention of the '774 Application 

The Board Decision did not take into account the distinction between delivering 
aerosols to the lungs for treatment of conditions of the lungs and using the lungs as a conduit to 
deliver insulin to a diabetic's bloodstream to control blood sugar levels. To understand this 
critical difference, it is important to understand — as the Board plainly did not — the physiology of 
the lungs. 

The lungs consist of the trachea, bronchi, and bronchioles, which are collectively 
referred to as "the airways." The airways lead to approximately 300 million alveoli, or air sacs, 
at the outermost reaches of the lung. (CRIJ 23; DT 107:8-13.) Gas exchange between the 
bloodstream and the air within the lung takes place only through the alveoli; no gas exchange 



The "2-10 range" limitation also appears in claim 35. (Amendment After Final, Tab 23 at A348.) 
"^ This limitation also appears in claims 3 1 and 35. {Id. at A347-48.) 
^ This limitation also appears in claims 23, 26, and 31. {Id. at A346.) 
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takes place through the airways, which act as conduits of air to the alveoli. (CR Tj 23; DT 
107: 11-13, 110:6-18.) The entire lung structure is often compared to an upside-down tree, with 
the trachea as the trunk, the bronchi and bronchioles as the branches and the alveoli as the leaves. 
(CRTI 23; DT 134:17-18.) 

It has long been known to treat diseases of the lung airways, such as asthma, by 
delivering medication in aerosol form to the affected airways. (See, e.g., Schenk, Admin. R. Tab 
17 at A3 00, 11. 4-9; CR T| 20; Expert Witness Report of Professor Myma B. Dolovich ("DR"), 
dated Feb. 4, 2008, attached as Ex. B to the Nash Deck, ^ 13.) Respiratory disease is susceptible 
to such treatment so long as the inhaled medication reaches the part of the lung that is affected by 
disease, which, in the case of respiratory disease, is the airways. (DRTJ 13.) In determining the 
dose of medication to treat lung conditions, the focus is simply on getting medication to the 
airways, no farther. (Id.) The exact location in the airways where the medication needs to be 
deposited is not necessarily critical. (Id.; DT 106:9-21.) Nor is controlling the quantity of 
medicine given to treat asthma especially critical. If a patient is given an insufficient dose of an 
asthma medication, e.g., another dose can be given; some side effects of too high a dose of 
asthma drugs are bruising or thinning of the skin, or tremors — but none presents a risk that 
would endanger the life of the patient. (DT 79:5-13, 80:21 - 82:10, 89:16-22, 91:6-9.) 

Treating diabetes with inhaled insulin entails two important differences from 
treating conditions of the lung like asthma. First, it is critical that the insulin particles reach the 
alveoli; particles of insulin that reach only the airways of the lungs are not available to the 
bloodstream and cannot effect systemic treatment. (CR ^ 23, see CR IJIJ 25-27.) Insulin that 
does not reach the alveoli and actually impact the alveolar wall cannot be absorbed into the 
bloodstream. (CR ^ 27.) Second, it is also critical that the quantity of insulin that enters the 

-11- 
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bloodstream from the alveoli be controlled, that is, that it be neither too much nor too little, as 
either extreme may endanger the patient's health. See p. 5-6, supra. 

Lung physiology presents a challenge — a veritable obstacle course — to 
aerosolized insulin that is inhaled in order to treat diabetes. (CR IJIJ 23-26; DT 118:7-12, 130:4- 
10, 139:8-16.) Much of an aerosol that is inhaled remains in the mouth and trachea. (DT 130:4- 
5.) In 1993, then-current research showed that only about 3-15 percent of inhaled medication 
could get beyond the trachea into the peripheral airways, due principally to "the efficient 
aerodynamic filtration of the airways." (DT 139:8 - 140:1.) As one breathes, the "breath travels 
through the lung [and] particles reign [sic] out depending on their properties in different parts of 
the lung." (DT 118:9-12.) 

Particle size is perhaps one of the most important factors in determining whether 
the aerosolized drug reaches beyond the airways and into the alveoli in sufficient quantities to 
treat diabetes. (See DT 173:19 - 174:1.) Only particles that are of respirable size — .5 to 5 
micrometers (perhaps up to 6 micrometers)^^ — are of a size that may reach the alveoli. The 
fraction of particles of this size in a given aerosol is called the "respirable fraction." (CR ^ 25; 
DT 65:8-10, 66:11-17.) However, not all of the respirable fraction of insulin particles will be 
carried to the alveoli. Among other factors affecting whether the aerosolized insulin particles 
that are inhaled reach the alveoli are: the flow rate and volume of inhalation, the nature or health 
of the patients' airways, and the charge and shape of the aerosol particles. (CR ^ 26; DT 130:20 



Consistent with her published work, Ms. Dolovich testified that the respirable particle size is "below 
five micrometers." (DT 65:8-10.) For example, in her publication Myma A. [sic]Do[ovich, Influence of 
Inspiratory Flow Rate, Particle Size, and Airway Caliber on Aerosolized Drug Delivery to the Lung, 45 
Respiratory Care 597-608 (June 2000), attached as Ex. E to the Nash Decl, she defines this size as "less 
than five micrometers, sometimes defined as less than six micrometers." (DT 66: 11-17.) According to 
Dr. Crystal, 6 micrometers is the outer boundary of the respirable particle range. (CR 1 25.) 
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- 131:3.) Furthermore, not all of the particles of aerosolized insulin that reach the alveoli will be 
absorbed through the multi-layered lung tissue into the bloodstream; unless insulin enters the 
bloodstream, it cannot act to lower blood glucose levels. (CR TJIJ 23, 27.) 

When a dry powder particle impacts the alveolar walls, it dissolves.^'' (CR ^ 27.) 
Whether the molecules of insulin in a particle that impacts the alveolar walls are then absorbed 
from the alveoli into the bloodstream, and at what rate this occurs, depends on multiple factors 
relating to the characteristics of the insulin molecules themselves. These factors include, e.g., 
molecular weight, the molecules' electrical charge, solubility in lipids due to surfactants, shape, 
hydrophilicity, hydrophobicity, and pH. (CR Tj 28.) 

As is apparent from the above description, while the amount of insulin that is put 
into the inhaler is important, and the respirable fraction of aerosolized insulin is also important, 
the amount of drug that is actually absorbed into the bloodstream, and available for treatment of 
diabetes, is significantly less than either. As the PTO's expert put it, "there is a considerable 
difference between the aerosol generated and its bioavailability." (DT 140:10 - 143:8.) 

In the traditional method of treating diabetes through injection of a properly 
titrated amount of insulin, see p. 6-7, supra, dosing is predictable, easily repeatable and well- 
documented. (CRTI29; ^ee Harrison, Admin. R. Tab 13; DT 86:12-87:16, 187:9-11.) With 
inhaled insulin, by contrast, only a potentially variable fraction of the insulin inhaled by a patient 
will reach the alveoli and be absorbed into the bloodstream. (CR ^ 29.) Thus determining how 
much insulin should be put into an inhaler to provide an amount to overcome the physiological 



Each aerosolized insulin particle contains many millions of insulin molecules. (CR ^ 24.) 



Case 1 :06-cv-01 896-CKK Document 27 Filed 04/02/2008 Page 21 of 74 



obstacle course of the lungs and reach the bloodstream in an effective amount is a "complex 
determination." (CRIJ 29.) 

As the PTO's expert admitted, as of January 1993, no reference taught how to 
make this determination. (DT 88:6-9.) As the PTO's expert also admitted, knowing the 
traditional dosages set out in Harrison would, at best, suggest that some portion or "fraction" of 
those doses — "[mjaybe 50 percent, maybe 25 percenf — could be used as a starting point to 
determine the proper dosage for administering inhaled insulin. (DR Tj 17; DT 227:9 - 228: 14.) 
Using this fractional dose as a starting point would entail extensive follow-on experimentation. 
(DT 228:21 - 232:15.) Taking into account, as one treating diabetes must, the narrow 
therapeutic range of insulin (as compared to the broad range of drugs used to treat lung disease) 
means that dosages used in inhalation devices designed to treat asthma are of little or no use. 
(DT 78:10 -80:3.) 

Yet the references relied upon by the PTO deal only with delivery of aerosolized 
drugs to treat diseases of the lung, in the lung, and the traditional method of treating diabetes by 
injection. (CRIJIJ 35-38.) None addresses the claimed invention. The Board misconstrued the 
teachings and relevance of these references to the claimed invention because of its lack of 
understanding of the scientific principles discussed above. None of these references teach how 
one of ordinary skill in the art would achieve a reproducible, repeatable controlled dose of dry 
powder aerosolized insulin for the treatment of diabetes. 
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III. THE PTO IGNORED OR MISUNDERSTOOD THE RELEVANT SCIENCE. 

A. The Prior Art Relied Upon by the PTO 

1. The Schenk Inhalers, International Patent Publication 

No. WO 90/07351 

Schenk describes oral inhalers, which are used for inhaling aerosolized medicine 
into the bronchi, to treat diseases of the lung such as asthma. (Schenk, Admin. R. Tab 17 at 
A300.) The inhalers work by supplying powdered medicine to a reservoir, from which the 
medicine is drawn into a gas flow passage of a more restricted size through which air is 
propelled at a high velocity by a pressure gas source. (Id. at A302, 11. 8-18.) The medicine is 
thereby aerosolized and flows into a mouthpiece from which it can be inhaled. (See id. at A3 02, 
11. 19-24; CRT! 35; DT 61:17 -62:15.) 

Schenk "designed a powder inhaler that produces powder that is expected, given 
its properties, to be inhaled and deposited within the lung" (DT 106: 1-4), for treatment of 
conditions of the lungs, specifically asthma. (DT 133:1-3; see also Schenk, Admin. R. Tab 17 at 
A300, 11. 4-7; CR 1| 35.) As the PTO's expert admitted, there is no indication that Schenk 
contemplated treatment of any systemic disease, that is, of any disease outside the lung. 
(DT 133:6 - 135:18.) Schenk was designed to deliver drugs to the peripheral airways, not to the 
alveoli. (DT 135:10-18, 106:8-21, 110:4-5.) As the PTO's expert also testified, a device 
designed to treat asthma is not necessarily a design that will deliver medication to the alveoli. 
(DT 109: 17 - 110:10.) Furthermore, she could not state whether the Schenk devices could 
aerosolize insulin powder to produce an aerosol having the same respirable particle range as the 
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asthma medicine described in Schenk. (DT 98: 19 - 99:9.) Finally, her Report regarding 
Schenk deals solely with whether Schenk is "suitable" to target aerosol to the airways, not the 
alveoli. (SeeDR^U.) 

2. The Velasquez Sheet Material, U.S. Letters Patent No. 5,192,548 

Velasquez describes a sheet material with discrete depressions that are at least 
partially filled with powdered medicine (which Velasquez calls "medicament"). (Velasquez, 
Admin. R. Tab 18 at A3 22, Abstract.) Velasquez states that the sheet material "is a convenient 
medicament-carrying substrate which allows for aerosolization of the medicament in a relatively 
deagglomerated state so that such may be administered by inhalation." (Id. at A328, col. 2, 11. 
21-25; CR ^ 37.) This sheet material dispenser, in which the depression depths can be varied to 
hold varying amounts of medicine, works by filling the depressions with dry powder medicine. 
When the sheet material is placed in an inhaler, the material is impacted from the back, causing 
the powder to be forced out of the sheet material into the air to become aerosolized for 
inhalation. (Id. at A330, col. 5, 11. 52-54.) 

In its specification, Velasquez lists insulin as one of approximately fifty 
"[ejxemplary drugs which may be employed" in the use of his sheet material. (Admin. R. Tab 
18 at A330, col. 6, 11. 25-41; CRIJ 37.) However, all of the drugs listed, except insulin, are 
"simpler and much smaller molecules than insulin, and none except insulin is a protein." (CR 
Tl 37.) The PTO admits that "Velasquez does not teach specific dosages of insulin to be 
administered through inhalation to treat diabetes." (Defendant USPTO's Second Supplemental 



Schenk states that "only particles having a diameter of less than 7 |nn have a chance to penetrate 
completely into the bronchial tubes." (Admin. R. Tab 17 at A300, 11. 9-11.) "Bronchial tubes" does not 
refer to alveoU. (DT 133:13-15; ^ee CRT 36.) 
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Objections and Responses to Plaintiffs Requests for Admission, dated March 14, 2008 ("Resp. 
to Req. for Admis."), attached as Ex. F to Nash Decl., First Am. Resp. to Req. for Admis. No. 
10.) 

3. Harrison's Principles of Internal Medicine, Excerpt on Insulin 

The two-page excerpt from the medical reference book Harrison gives regimes for 

the treatment of diabetes with insulin by conventional injection, multiple subcutaneous 

injections, and continuous subcutaneous infusion. (Harrison, Admin. R. Tab 13 at A268-69.) 

The PTO has admitted that "Harrison does not teach the administration of insulin through 

inhalation." (Resp. to Req. for Admis., Request and Resp. to Req. for Admis. No. 5.) The PTO's 

expert agrees: "Nobody was using inhalable insulin in 1994 . . . [s]o it would not be in" 

Harrison. (DT 88:6-9.) The amount of insulin needed to be put in an inhaler for eventual 

absorption into the bloodstream cannot be determined by consulting Harrison. (CR Tj 38; DT 

227:3-230:11.) 

B. The Board's Undisputed Errors Are Based on its Misunderstanding of the 
Undisputed Science. 

In reaching its Decision, the Board relied upon erroneous "facts" not relied upon 
by the Examiner. The Board completely ignored then well-settled principles of science 
discussed above and committed two scientific errors, which led it to reach four erroneous 
conclusions. (CR ^ 45.) It was these errors that formed the basis of the Board's rejection of the 
claims of the '774 Application. 

The first scientific error was the Board's assumption that "medicament that is 
inhaled is absorbed into the blood stream by the lungs." (Bd. Dec, Admin. R. Tab 36 at A449.) 
This statement reflects an assumption that all insulin that is inhaled is absorbed into the blood 
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stream for treating diabetes. (CRT|41.) The Board cited no authority for this statement. Nor 
does Novo know of any for this statement, which disregards the science regarding the structure 
and function of the lungs discussed above. Both Dr. Crystal and Ms. Dolovich agree that this 
statement by the Board was wrong. (CRT|41;DT 161:22-162:12.) 

Indeed, when asked whether Ms. Dolovich was willing to say that all medication 
that reaches, and is "deposited on," even the peripheral airways "is absorbed into the 
bloodstream," (in reference to DR 1| 13) she demurred, stating "[t]hat is a leap of faith that I am 
not prepared to make." (DT 161:22 - 162:12 (emphasis added).) Ms. Dolovich's testimony is a 
stinging rebuke to the Board. ^^ 

Much less aerosolized medicine is deposited in the airways and the alveoli than is 
inhaled. (CR 1| 22-29; DT 129:21 - 130:10.)^^ In fact, the lungs function as a filter through 



Ms. Dolovich did not disagree with Dr. Crystal's understanding that the Board treated all inhaled 
medication as entering the bloodstream. (DT 93: 1 1-94:5.) 

^° The PTO admitted that the Board provided no citation for this premise. (Def USPTO's Sec. Supp. 
Objs. and Resps. to PL's Interrogs., dated Feb. 19, 2008 ("Def Resp. to PL's Interrogs."), attached as Ex. 
G to Nash Decl, Resp. to Interrog. No. 8.) 

^' Even the PTO has finally admitted that the Board was wrong. The PTO admitted that "when 
medicament is inhaled, a portion of the medicament may not reach the alveoli." The PTO further 
admitted that "of the medicament that does reach the alveoli, a portion . . . may not be absorbed into the 
bloodstream." (Defendant USPTO's Sec. Supp. Objs. and Resps. to PL's Req. for Admis., dated March 
14, 2008 ("Resp. to Req. for Admis."), attached as Ex. F to Nash DecL, First Amended Responses to Req. 
for Admis. Nos. 8 and 9.) 

^^ Dr. Crystal's Report explains why the amount of medication that is inhaled in aerosol form is much 
greater than the amount that eventually reaches the alveoli and then the bloodstream. {See CR H 22-29.) 
Ms. Dolovich takes no issue with Dr. Crystal's views regarding the pertinent science. {See DR Xi 12-17; 
DT 93: 1 1 - 94:5.) Indeed, she agrees with Dr. Crystal on the science. (DT 94:2-5.) Although 
Ms. Dolovich's Report appeared to support the Board, by stating that "[a]ll or a portion" of "medication" 
that "reaches the peripheral airways" and that "may be deposited on peripheral airway surfaces" "may be 
absorbed into the bloodstream," (DR ^ 13), she admitted, when questioned at her deposition, that this 
portion of her Report was inaccurate. (DT 161:22 - 162: 12.) First, the Report's use of the term 
"peripheral airways" does not mean "alveoli." (DT 135: 10-18.) It refers instead to the airways where, as 
discussed pp. 10-11 supra, no gas exchange takes place to permit the medicine to be absorbed into the 

(footnote continued) 
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which not all medicine will reach the alveoli, and as a barrier through which only a highly 
variable portion of inhaled medicines pass to reach the bloodstream. 

Despite the Board's seeming recognition that "not all of the amount that is inhaled 
will be absorbed" (Bd. Dec, Admin. R. Tab 36 at A449), the Board relied upon its assumption 
that all medicament inhaled enters the bloodstream to reach all of its erroneous conclusions. See 
pp. 23-30, infra. 

The Board's second scientific error was in defining incorrectly the term 
"respirable fraction." As understood by persons of skill in the art, the respirable fraction is "the 
percentage of aerosolized particles that are of respirable size, i.e., that are of a size that, when 
inhaled, may reach the alveoli." (CR Tj 42.) Velasquez states that "the respirable fraction {i.e., 
the percentage of drug which is in particles of aerodynamic diameter of equal to or less than 
about 6.4 i^m)."^' (Admin. R. Tab 18 at A330, col. 5, 11. 11-13.) The PTO's expert stated that 
Velasquez "would have used the definition much like everybody else at that time." (DT 77:6-8.) 
Yet the Board ignored the well-understood meaning of this term. 

Instead the Board — with absolutely no basis ^'^ — declared that "respirable 
fraction" is the term used in the art to mean "[t]he fraction that will be absorbed relative to the 



(continued) 

bloodstream. Secondly, the "treatment" that she referred to (in DR Tl 13) as being "effect[ed]" by the 
deposit of medicine on the "peripheral airway surfaces" was the treatment of asthma by asthma medicine, 
not a medicine that acts by being absorbed into the bloodstream. (DT 106:6-21.) Finally, even the 
statements in her Report about medicine deposited on the peripheral airway surfaces do not support the 
Board's assumption that all inhaled medication is absorbed into the bloodstream. 

^^ Both parties' experts agree that particles in the size range of .5-6 micrometers are in the respirable 
range. (CRT 25; DT 65:8-10, 66:11 - 67.5, 67:14 -20, 77:4-15.) 

'^'^ The PTO admitted that the Board provided no citation for the Board's definition of "respirable fraction" 
nor did the PTO provide any. (Def Resp. to PL's Interrogs., Resp. to Interrog. No. 7.) 
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total amount inhaled'' (Bd. Dec, Admin. R. Tab 36 at A449 (emphases added).) The Board 
confused the percentage of insulin particles that are of a size that makes it possible to reach and 
deposit in the alveoli with the percentage of inhaled insulin that is actually absorbed from the 
alveoli into the bloodstream. (CR IJIJ 42-44.) These concepts are entirely different; the PTO's 
expert testified that deposition and absorption are two separate processes. {See CR TITJ 42, 44; 
DT 183:19- 184:2.)^^ Ms. Dolovich did not even attempt to support the Board's definition of 
"respirable fraction." (DT 94:11 - 95:5 {see DRlfTJ 12-17).) 

The Board ignored the complex science behind getting aerosolized insulin into the 
alveoli and then through the lung membranes into the bloodstream, and assumed that once 
inhaled, medicine just gets to the bloodstream. As a consequence, it conflated the treatment of 
diseases of the lung by using aerosols (which was known in the art) with the treatment of 
diabetes by using the lung as a conduit for delivering insulin in controlled and reproducible 
amounts to the patient's bloodstream. 

The Board thus attached no significance to the fact that both Schenk and 
Velasquez deal with delivery of drugs to the lungs for treatment of lung conditions, and not for 
systemic treatment of any disease, let alone diabetes. (Schenk, Admin. R. Tab 17 at A300, 11. 4- 
5; Velasquez, Admin. R. Tab 18 at A328, col. 1. 11. 9-10.) Instead, in combining Velasquez's 
suggestion of putting insulin into his sheet material with Schenk' s inhaler designed to deliver 
asthma medicine to the lungs, the Board incorrectly equated the amount of insulin supplied to the 
inhaler with the amount of insulin available to the patient's bloodstream to treat diabetes. (CR 
lfT|39, 47; 5ee DTI 18:2-22.) 

^^ This error mirrors the Board's mistaken belief that all aerosol that is inhaled is ultimately absorbed into 
the bloodstream. 
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IV. GOVERNING LEGAL STANDARDS 

A. The Legal Standard Governing Grants of Summary Judgment 

Under Federal Rule of Civil Procedure 56(c), and Local Civil Rules 7(h) and 56.1, 
this Court should grant a motion for summary judgment "if the pleadings, the discovery and 
disclosure materials on file, and any affidavits show that there is no genuine issue as to any 
material fact and that the movant is entitled to judgment as a matter of law." Disputes regarding 
non-material facts cannot defeat a summary judgment motion. "By its very terms, this standard 
provides that the mere existence of some alleged factual dispute between the parties will not 
defeat an otherwise properly supported motion for summary judgment; the requirement is that 
there be no genuine issue of material fact." Anderson v. Liberty Lobby, Inc., All U.S. 242, 247- 
48 (1986) (emphases in original). 

B. The Legal Standard Governing This Section 145 Proceeding 

In this proceeding, unlike an administrative review, deference is not accorded to 
the Board Decision. Due to the hybrid nature of Section 145 actions, see Order, October 19, 
2007, a party seeking summary judgment may submit for consideration undisputed facts in the 
administrative record, as well as undisputed facts drawn from evidence outside the record. See 
id. at 1-2 ("in a Section 145 action, the parties are entitled to submit additional evidence that was 
not presented to the PTO") (citing Dickinson v. Zurko, 527 U.S. 150, 165 (1999); Mazzari v. 
Rogan, 323 F.3d 1000, 1004 (Fed. Cir. 2003); Fregeau v. Mossinghoff, 776 F.2d 1034,1036-37 
(Fed. Cir. 1985)). Novo is relying on the report and deposition testimony of its own expert. 
Dr. Crystal, and admissions by the PTO and its expert, Ms. Dolovich, in making its motion for 
summary judgment. Ms. Dolovich agrees with Dr. Crystal on all material points. See n.5 at 
pp. 3-4, supra; Statement of Material Facts as to Which There Is No Genuine Issue in Support of 
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Novo Nordisk's Motion for Summary Judgment Adjudging that Novo Is Entitled to a Patent and 
Authorizing the Director to Issue Letters Patent. 

Where a party "choose[s] to present additional evidence to the district court," as 
Novo does here, the court is to "make de novo factual findings if the evidence is conflicting." 
Mazzari, 323 F.3d at 1005; Takeda Pharm. Co. v. Dudas, 511 F. Supp. 2d 81, 86 (D.D.C. 2007) 
("To the extent the applicant presents new evidence challenging particular factual findings, the 
Court reviews the Board's factual findings de novo, and the Court applies the substantial 
evidence standard to the Board's factual findings as to which the applicant presents no new 
evidence."). "The Court performs its own legal analysis." Gallagher v. Quigg, 
8 U.S.P.Q.2d 1437, 1440 n. 4 (D.D.C. 1988). 

The issue before the Court^^ is whether the PTO erred in determining that the '774 
Application is unpatentable as obvious under 35 U.S.C. § 103(a), based on (i) the teachings of 
Schenk regarding inhalers for use in treating asthma and other conditions of the lungs; 
(ii) Velasquez's inclusion of insulin as one of about fifty exemplary drugs that might be used 
with the claimed sheet material for use in aerosolizing "medicament," and considering 
(iii) Harrison. 

"Obviousness is a question of law with underpinning factual findings." Mazzari, 
323 F.3d at 1005. In a Section 103 obviousness inquiry, pursuant to the Supreme Court's 
analysis in Graham v. John Deere Co., 383 U.S. 1, 17-18 (1966), "the scope and content of the 
prior art are to be determined; differences between the prior art and the claims at issue are to be 



^^ The parties have recognized that no new issues may be raised in a Section 145 action. Novo's 
Memorandum of Points and Authorities in Support of its Motion Regarding the Scope of Discovery, 
dated July 25, 2007, at 7; Def USPTO's Memorandum in Support of Opposition to Plaintiff Novo 
Nordisk's Motion Regarding the Scope of Discovery, filed Aug. 17, 2007, at 2. 
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ascertained; and tlie level of ordinary skill in the pertinent art resolved" to determine the 

obviousness or nonobviousness of the subject matter. "Such secondary considerations as 

commercial success, long felt but unsolved needs, failure of others, etc." are relevant "as indicia 

of obviousness or nonobviousness" in an analysis under 35 U.S.C. § 103. See also KSR Int'l Co. 

V. Teleflexlnc, 127 S. Ct. 1727, 1734 (2007) (these Graham "factors continue to define the 

inquiry that controls" an obvious analysis). The PTO made findings related only to the first two 

of these factors. See n.33 at pp. 30-31, infra. The PTO failed to consider important objective 

indicia of non-obviousness under Graham, most notably, that of "long feh but unresolved needs" 

for the invention. This analysis compels a judgment in Novo's favor. 

The PTO here bears the burden of proving unpatentability. In re Oetiker, 977 

F.2d 1443, 1449 (Fed. Cir. 1992) (Plager, J., concurring). The undisputed, and indisputable, 

facts show that the PTO has failed to, and cannot, meet its burden and that Novo "is entitled to 

receive a patent for [its] invention" in the claims of the '774 Application. See 35 U.S.C. § 145. 

V. ARGUMENT 

A. The Board's Decision Must Be Set Aside as a Matter of Law Because the Invention 
Is Not Obvious. 

The Board's two scientific errors — ^that "medicament that is inhaled is absorbed 
into the blood stream by the lungs" and its consequent definition of respirable fraction as the 
"fraction that will be absorbed relative to the total amount inhaled" (Bd. Dec, Admin. R. Tab 36 
at A449) — led to four erroneous conclusions. 

These conclusions are that: (i) Velasquez teaches the claimed range of the 
aerosolized suspension of insulin powder containing an amount of insulin that in one aspect of 
the invention is 2-10 times greater than the amount needed to be absorbed in the bloodstream 
("2-10 range") {id.)] (ii) Schenk and Velasquez teach how to control the amount of inhaled 
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insulin that is absorbed into the bloodstream (id. at A449-50); (iii) the precise amount of insulin 

needed is not "critical to the invention" (id. at A450); and (iv) "S[c]henk's inhaler is inherently 

repeatable in operation" so that the '774 Application's limitation of repeatability is taught by 

Schenk. (Id.) 

1. The Combination of Schenk and Velasquez, Considering Harrison, Does Not 

Teach the Claimed Invention. 

a. Velasquez Does Not Teach the Claimed "2-10 Range" Limitation or 

Any Amount of Insulin Needed to be Aerosolized for Absorption into 
the Bloodstream. 

As a resuh of the scientific errors identified above, the Board incorrectly found 
that Velasquez teaches the "2-10 range" limitation. See pp. 17-20, supra. Velasquez does not 
teach this range, or any amount of insulin to be present in the claimed aerosolized suspension. 

Because the Board misunderstood the "respirable fraction" to be the fraction of 

particles inhaled compared to the amount of molecules in the particles that will be absorbed into 

the bloodstream, the Board read Velasquez as teaching the "2-10 range" limitation. The passage 

from Velasquez that the Board relied upon, however, simply describes the change in the 

respirable fraction that is produced by increasing or decreasing the depth of the substrate 

depressions in the claimed sheet material: 

[t]he percentage of medicament retained on the sheet material . . . 
decreases as depression depth increases, this being about 95% at 14 |im, 
about 60% at 28 ^m and about 35%) at 45 ^m. Further, the respirable 
fraction (i.e., the percentage of drug which is in particles of aerodynamic 
diameter of equal or to or less than about 6.4 f^m) similarly decreases as 
depression depth increases, this being about 65% at 14 ^m, about 30%) at 
28 nm and about 10% at 37 jim. These two trends result in the proportion 
of total medicament released in particles of respirable size remaining 
generally similar for the depression depths studied (this being about 5% to 
15%) of total medicament). 

Admin. R. Tab 18 at A330, col. 5, 11. 7-19 (emphases added). 
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Based on its "respirable fraction" definition, the Board read this passage to mean 
that from 10% to 65% of the medicine in Velasquez's sheet material would be absorbed into the 
patient's bloodstream. The Board further compounded its error by engaging in the arcane and 
illogical exercise of computing the inverse of these percentages that it cherry -picked from 
Velasquez, producing what the Board declared to be "a range of 1.54 to 10 times the amount 
needed to be absorbed.''^^ (Bd. Dec, Admin. R. Tab 36 at A449 (emphases added).) It then 
announced that this arbitrary calculation produced a range that "substantially overlaps the 
claimed range of 2 to 10 times" limitation. {Id.) Although "respirable fraction" and the claimed 
limitation embody completely different concepts, the Board declared that Velasquez teaches the 
amount of insulin that needs to be present in an aerosol to treat diabetes. {Id.) 

Both the PTO's expert and the PTO have separately admitted that "Velasquez 
does not teach specific dosages of insulin to be administered through inhalation to treat 
diabetes." (Resp. to Req. for Admis., First Am. Resp. to Req. for Admis. No. 10.) Ms. 
Dolovich, the PTO's expert, at first testified that Velasquez teaches how much medicine from its 
sheet material will be absorbed into the bloodstream, but, upon further cross-examination, 
concluded that it does not. (DT 224:8-10.) She admitted that "[y]ou would need to do another 
set of experiments using human subjects, taking this delivery system, measuring the dose ~ the 
emitted dose at the mouth, deposition and guesstimating or estimating what percentage would get 
into the lung." (DT 224: 15-19.) And even after all of that, it would be "anybody's guess" as to 
what would reach the bloodstream. (DT 225: 1-2.) "I am not saying that I know what percentage 



^^ Even the PTO's expert could not make sense of this convoluted reasoning. It was not addressed in her 
Report. At her deposition, Ms. Dolovich had to conclude that Velasquez says nothing about how much 
medicine could be absorbed into the bloodstream. (DT 218:14- 224: 10.) 
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of a drug inhaled is actually picked up in the blood." (DT 225:2-5.) As she elaborated, she was 

"saying only that drug inhaled and deposited" in the lung may "appear in the blood in some 

portion of the delivery dose." (DT 225:5-11 (emphasis added).) 

Novo's expert agrees. Contrary to the Board's assertion, the percentage of 

respirable particles in an aerosol does not equate to an "amounf of medicine for treating a 

patient, in part because the percentage has no predictable relationship to the amount of insulin 

molecules that must be absorbed into the bloodstream. (CR Tj 48.) "A person of ordinary skill in 

the art would not read Velasquez as the Board did." (CR 1| 49.) 

b. The Delivery of a Controlled Quantity to the Bloodstream Limitations 

Is Not Taught in the References. 

With respect to the claim limitations concerning delivering a controlled quantity 
of insulin to the bloodstream, see pp. 9-10, supra, the Board found that both Schenk and 
Velasquez "describe structural devices to precisely control the amount of a medicament 
delivered." (Bd. Dec, Admin. R. Tab 36 at A450.) In finding that the references taught these 
limitations, it again made two errors. 

First, the Board made the shockingly wrong statement that the "precise amount 
[of insulin] is not critical to the invention." {Id.) As the specification of the '774 Application 
and the prior discussion regarding the most basic aspects of treating diabetes shows, the absolute 
amount of insulin administered to a diabetic patient is critical. ^^ (CRIJIJ 16-18, 51; DT 80:10- 
20.) The amount needed may vary greatly from one patient to another, and even varies for the 
same patient at different times. Nevertheless, insulin must be available for absorption into the 



'' See '774 Application H 0007, T\ 01 12 - 0127. See also Phillips v. AWH Corp., 415 F.3d 1303, 1315 
(Fed. Cir. 2005) ("[C]laims must be read in view of the specification, of which they are a part." (internal 
citations omitted)). 
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bloodstream in an amount low enough not to risk overdosing, nor high enough to risk 
hypoglycemia. (CRIJIJ 51, 16.) The controlled, reproducible, safe, and effective dosing of 
insulin to all diabetes patients is critical. ^^ (See Harrison, Admin. R. Tab 13 at A268-69; 
CR1I51.) 

Second, the Board again erred by treating the amount inhaled as equivalent to the 
amount absorbed into the bloodstream for treatment. The Board concluded that Velasquez and 
Schenk teach delivery of a controlled quantity of insulin to the bloodstream, on the theory that 
both references "describe structural devices to precisely control the amount of a medicament 
delivered." (Bd. Dec, Admin. R. Tab 36 at A450.) This finding is again wrong. Schenk and 
Velasquez may allow one of ordinary skill in the art to control the amount of insulin that comes 
out of an inhalation device, but they do not allow control over either the amount of insulin that 
remains in the inhaler or the amount that is inhaled by the patient. More importantly, they do not 
control the amount of inhaled insulin that actually reaches the alveoli or that is ultimately 
absorbed into the bloodstream. (CR T| 50; DT 224:8-10.) 

c. The Repetition Limitations Are Not Taught in the References. 

The Board concluded that the claims concerning repeatability of the claimed 
methods as needed to treat the patient limitations, the "repetition limitations," see pp. 9-10, 
supra, are taught by Schenk because "Schenk' s inhaler is inherently repeatable in operation." 
(Bd. Dec, Admin. R. Tab 36 at A450.) This finding is also wrong because, as explained above, 
even if the same amount of insulin is aerosolized in the same device, in the same manner each 



^' To the extent that the Board refers to the criticality of dosing as a factual matter, it errs as set out above. 
To the extent it means to invoke the legal concept of criticality, that is, claiming a range that is 
encompassed by a larger range already in the prior art, it is inapposite here. See In re Geisler, 1 16 F.3d 
1465, 1469-70 (Fed. Cir. 1997). 
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time, many factors influence whether a reproducible dose is administered to the bloodstream by 

the inhalation of insulin. These factors are explained in the specification of the '774 Application, 

and include, among others, the flow rate and volume at which a patient would inhale each dose 

of insulin, the speed of the inhalation, the particle size, the concentration of the drug in the 

carrier, and the point in the respiration cycle where the patient initiates inhalation. (See, e.g., 

'774 App. as pub. M 0086 -OliUsee also CR f 52; DT 130:20 - 131:3.) With devices like 

those in Schenk, these factors could differ widely and would result in a wide and unpredictable 

range of insulin that may reach the bloodstream. (CR % 52.) 

2. The Claimed Invention Could Not Have Been Determined by Routine 

Experimentation. 

The Examiner had expressly rejected the "2-10 range" limitation as obvious and 

therefore unpatentable, asserting that "the amount of insulin employed and the amount absorbed 

can be arrived at through mere routine obvious experimentation and observation," (Final Office 

Action, Admin. R. Tab 16 at A293), and the Board also alluded to this ground of rejection. ^° 

(Bd. Dec, Admin. R. Tab 36 at A450.) This ground of rejection is also insupportable. As a 

matter of law, a rejection on the ground that the claimed invention could have been arrived at 

through routine experimentation is appropriate only when "one skilled in the art would have had 



This finding appears to be reflected in two places in the Decision. The Board responded to Novo's 
argument on appeal that the Examiner, in his Final Office Action, had improperly rejected the "2-10 
range" limitation on grounds of "obvious to try," citing Federal Circuit precedent for the proposition that 
"it is not inventive to discover the optimum or workable ranges by routine experimentation." (Bd. Dec, 
Admin. R. Tab 36 at A450 (internal quotes omitted).) The Board also rejected as obvious the claim 
limitations of lowering of glucose levels to an acceptable level and controlling glucose levels, stating that 
"a person of ordinary skill in the art would monitor the patient's vital statistics to achieve the desired 
result," which implies that the dosage needed by a patient of inhaled insulin could be found by 
experimenting. (Id.) 
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a reasonable expectation of success at the time the invention was made, and merely had to verify 
that expectation." Pfizer Inc. v. Apotex, Inc., 480 F.3d 1348, 1367 (Fed. Cir. 2007). 

A person of ordinary skill in the art could not have conducted routine 
experimentation using insulin powder (listed in Velasquez) with the Schenk inhaler to determine 
the claimed "2-10 range" or to lower or control glucose levels. Contrary to the Examiner's 
unsupported assertion (Final Office Action, Admin. R. Tab 16 at A293-A294), there is simply no 
"administration protocol" for inhaled insulin. Far from having "standard guidelines" for the 
amount of insulin to be given by inhalation (Bd. Dec, Admin. R. Tab 36 at A448), "[njobody 
was using inhalable insulin in 1994." (DT 88:8-9.) Nor has the PTO identified any such 
guidelines, just as the Board failed to cite them.''^ As Dr. Crystal attests, there were no such 
guidelines. (CRT|54.) 

As discussed above, guidelines for dosage oi injectable insulin, e.g., in Harrison, 
do not provide doses for inhalable insulin. Both Dr. Crystal and the PTO's expert recognized 
this fact. (CR 1| 54; DT 78:3 - 79:4; 227:3 - 230: 1 1 .) Given the narrow therapeutic range within 



^' Neither the PTO nor its expert could identify any such references. When asked by Novo in an 
interrogatory to identify any references that "set out any protocol or guidelines for the administration of 
insulin for the treatment of diabetes mellitus by the inhalation of powdered insulin," the PTO referred 
Novo to approximately 5000 pages of references. (Def Resp. to PL's Interrogs., First Supp. Resp. to 
Interrog. No. 6.) After Ms. Dolovich's deposition, in which she admitted that there were no such 
references (DT 88:6-9), Novo requested that the PTO supplement its response to the request to admit that 
"The relevant prior art contains no specific protocol or guidelines for the administration of powdered 
insulin to the bloodstream via inhalation for the treatment of diabetes mellitus." (Resp. to Req. for 
Admis., Req. for Admiss. No. 7.) After discovery closed, the PTO provided, for the first time specific 
citations to three related references, that were buried in the 5000 pages previously provided without 
explanation. (Resp. to Req. for Admis., First Am. Resp. to Request for Admission No. 7.) These do not 
teach the claimed invention, which requires inhaling insulin to control blood glucose levels. See, e.g., 
claim 25, p. 9, supra. Indeed, they teach away from it, as each of the references belatedly identified by 
the PTO states that the claimed invention will not eliminate the need for insulin injections in diabetic 
patients. See, e.g., U.S. Patent No. 5,643,868, col. 6 11. 3-6, attached as Ex. H to Nash Decl. ("the 
methods of the present invention will not eliminate the need for parenteral insulin therapy"). 



Case 1 :06-cv-01 896-CKK Document 27 Filed 04/02/2008 Page 37 of 74 



which insulin must be administered, and the dangers of giving too little or too much, such 

experimentation would be unethical and dangerous. (CR ^ 54; DT 80: 10-20.) Finally, the 

testimony of the PTO's own expert is eloquent proof that a person of ordinary skill would realize 

that the level of research needed to determine a proper, therapeutic dose of inhaled insulin would 

not be routine, but would entail extensive experimentation. (DT 227: 12 - 232: 15.) As she 

explained, "it is a leap from a laboratory set of experiments to . . . treat[ing]" diabetes. (DT 

216:4-6.) Thus a person of ordinary skill would have had no reasonable expectation of success 

of being able to treat diabetes using powdered insulin (listed in Velasquez) with the Schenk 

inhaler.^^(^eeDT 232:1-15.) 

B. The Claims Are Patentable Because the PTO Has Not Established that the Invention 
as a Whole Is Obvious Under Graham v. John Deere. 

Not only are the Board's linchpin factual "findings" wrong, and thus unable to 

support a legal determination of obviousness, the indicia of obviousness that must be considered 

in an obviousness analysis — set out by the Supreme Court decision in Graham v. John Deere, 

383 U.S. at 18-19 — foreclose the PTO's conclusion that the '774 Application is obvious. ^^ 



^^ As the PTO's expert testified: "Do you believe that if you put insulin into Schenk it would produce 
powder having the same particle range as asthma medicine put into Schenk?" (DT 98: 19-21.) Do you 
know whether that would happen as a result?" (DT 99:3-4.) "My answer would be no." (DT 99: 10.) As 
to how much medication Schenk would carry to the alveoli: "Do you know how many of those remaining 
particles [particles not deposited anywhere else in the lung (DT 1 19: 1 1-12)], then, could get carried to the 
alveoli?" (DT 119:21-22) Answer: "It depends on your aerosol." (DT 120:3) What percentage of an 
aerosol gets below the larynx? Answer "[I]t depends on your inhaler - inhaler design." (DT 120: 10-11.) 

^^ It is the PTO's and the Court's burden to perform a Graham analysis, see Manual of Patent Examining 
Procedures § 2I4I; Loctite Corp. v. Ultraseal Ltd., 781 F.2d 861, 872-75 (Fed. Cir. 1985) (remanding to 
the district court for failure to make Graham findings). The factors are: 
1. Scope and Content of the Prior Art 

"The 'scope' of the prior art determines what references fall within the relevant prior art 
that can be applied to reject a claim." Joy Techs., Inc. v. Quigg, 732 F. Supp. 227, 232-33 (D.D.C. 1990). 
As discussed above, the PTO has defined the scope of the prior art as Schenk and Velasquez, and 
Harrison. (Bd. Dec, Admin. R. Tab 36 at A447.) "The 'content' of the prior art is what those references 

(footnote continued) 

-30- 
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A primary issue in any obviousness determination is what the Supreme Court in 
Graham called "secondary considerations." 383 U.S. at 17; Petroleo Brasileiro S.A.-Petrobras 
V. Comm'r of Patents & Trademarks, 2 U.S.^.Q. 2d 1720, 1722 (D.D.C. 1987) ("secondary 
evidence of nonobviousness"). The secondary consideration most relevant here is the existence 
of "long felt but unsolved needs" for the claimed invention. See Graham, 383 U.S. at 17. Where 
other persons who are skilled in the art have strived to produce something and failed, as courts 
have recognized, branding an invention obvious is likely to be wrong. Joy Techs., 732 F. Supp. 
at 237. 

As noted above, substantial research had been ongoing in the almost-seven 

decades between 1925 and 1993. Yet as the PTO's expert admitted, "Nobody was using 

inhalable insulin in 1994 in my understanding." (DT 88:6-9; 232:1 - 235:10; see also CRIJ 21.) 

(continued) 

teach a person of ordinary skill in the art." Joy Techs., 732 F. Supp. at 233. Combining inhalers taught by 
Schenk with the suggestion by Velasquez that dry powder insulin could be one of some 50 drugs stored in 
the claimed sheet material yields, at most, the concept of administering dry powder insulin by inhalation. 
This general concept, however, has been recognized since at least 1925. 

2. Differences Between the Prior Art and the Claims at Issue 

The prior art provides an inhaler for treating diseases of the lungs and the idea of the 
possibility of administering insulin with an inhaler. The '774 Application, in contrast, claims methods 
that treat diabetes in patients using inhaled insulin in a manner that allows a controlled, reproducible, safe, 
and effective dose to be delivered to the bloodstream. (CR 131.) The primary difference between the 
identified prior art and the claimed invention is that treating diseases of the lung is effective if the location 
of deposition of the aerosol and the amounts administered are inexact and that treating diabetes 
systemically in which the location of deposition of the aerosol and the amount of insulin administered to 
the blood are critical. The Board ignored these differences. The scientific hurdle of getting dry powder 
insulin aerosol into the lungs and into the bloodstream in a reproducible manner makes this invention 
nonobvious. 

3. Level of Ordinary Skill in the Art 

"[A]s of 1993, a person of ordinary skill in the art would have been one who had either 
an M.D. or a Ph.D. in a related field, and several years of experience in pharmaceutical aerosols, lung 
physiology, and pulmonary drug delivery or the equivalent training and experience." (CR H 33.) 
Although the Examiner and the PTO took the position that one of ordinary skill is a physician (Def 
USPTO's Mem. in Supp. of Opposition to PI. Novo Nordisk's Mot. Regarding the Scope of Disc, at 13, 
filed Aug. 17. 2007), its expert adopted the standard put forth by Novo's expert. Dr. Crystal, as set forth 
in his report. (DR 1 16; DT 190: 1-6.) 
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The specification of the '774 Application (as pub. ^^ 0003-0008) also details attempts to 
administer controlled doses of insulin through inhalation for treatment of diabetes, which have 
met with failure. (Id. ^ 0007 ("multiple studies have shown that aerosolized insulin can be 
delivered into and absorbed from the lung . . . [hjowever ... the poor reproducibility of the 
inhaled dose [of insulin] was always the reason for terminating these experiments.") (internal 
citations omitted)). Such "evidence may be included in the specification as filed." Manual of 
Patent Examining Procedures § 2141 at 2100-116 (Sept. 2007) ("evidence [of secondary 
considerations] may be included in the specification as filed."). 

Furthermore, the PTO's own expert contradicted the Board's conclusion of 
obviousness, when she declared at her deposition that the claimed invention "is a new method of 
delivering a drug — a novel method of delivering insulin by aerosol." (DT 227:14-16.) Novo's 
expert agrees. (CR 1| 55.) See 35 U.S. C. § 101 ("[w]hoever invents or discovers any new and 
useful process ... or any new and useful improvement thereof, may obtain a patent therefor."). 

Nor did the PTO's expert either form an opinion that the invention was obvious or 
take issue with Dr. Crystal's position that "the Board clearly erred in concluding that the claims 
in the '774 Application would have been obvious to one of skill in the art in view of Schenk and 
Velasquez, and considering Harrison." (CR ^ 55.) This is especially significant because the 
PTO expert affirmed, under oath at her deposition, that everything she considered to be an 
important error in Dr. Crystal's report was addressed in her report. (DT 6:15 - 7:21; 93:11 - 
94:5.) The undisputed evidence is, therefore, that persons of ordinary skill in the art do not 
consider the claimed invention to be obvious. 
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CONCLUSION 

For the foregoing reasons, Novo's Motion for Summary Judgment Adjudging that 
Novo Is Entitled to a Patent and Authorizing the Director to Issue Letters Patent should be 
granted. 



Dated: Washington, D.C. 
April 2, 2008 



Respectfully submitted, 



/s/ 



Margaret K. Pfeiffer (D.C. Bar No. 358723) 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



NOVO NORDISK A/S, 
Plaintiff, 



JON W. DUDAS, 

Under Secretary of Commerce for 
Intellectual Property and 
Director of the United States Patent 
& Trademark Office, 



Case No: 06-1896 (CKK) 

Judge Colleen Kollar-Kotelly 

ECF 

(Opposition and Cross-Motion 
dueMay 19, 2008) 



STATEMENT OF MATERIAL FACTS AS TO WHICH THERE IS NO GENUINE 

ISSUE IN SUPPORT OF NOVO NORDISK' S MOTION FOR SUMMARY 

JUDGMENT ADJUDGING THAT NOVO IS ENTITLED TO A PATENT AND 

AUTHORIZING THE DIRECTOR TO ISSUE LETTERS PATENT 



Pursuant to Federal Rule of Civil Procedure 56 and Local Civil Rules 7(h) 
and 56. 1, Novo Nordisk A/S ("Novo") sets out below its statement of material facts as to 
which there are no genuine issues, in support of Novo Nordisk' s Motion for Summary 
Judgment Adjudging that Novo Is Entitled to a Patent and Authorizing the Director to 
Issue Letters Patent. 
Parties 

1 . Novo is a corporation organized and existing under the laws of the 

Kingdom of Denmark, and has its principal place of business at Novo Alle, 
2880 Bagsvaerd, Denmark. 
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2. The Defendant is the Honorable Jon W. Dudas, in his official capacity as 
Under Secretary of Commerce for Intellectual Property and Director of the United States 
Patent and Trademark Office ("PTO"), having offices at 600 Dulany Street, Alexandria, 
Virginia, 22314. 

Materials Relied Upon to Support Novo's Motion 

3 . In filing this Motion, Novo relies upon: 

(i) its Memorandum of Points and Authorities in Support of its 
Motion for Summary Judgment Adjudging that Novo Is Entitled to a Patent and 
Authorizing the Director to Issue Letters Patent; 

(ii) this Statement of Material Facts as to Which There is No Genuine 
Issue in Support of Novo Nordisk's Motion for Summary Judgment Adjudging that Novo 
Is Entitled to a Patent and Authorizing the Director to Issue Letters Patent; 

(iii) Declaration of Susan K. Nash, executed April 2, 2008, and 
Exhibits thereto: 

(a) Expert Witness Report of Novo's expert Ronald G. Crystal, 
dated Jan. 7, 2008, attached as Ex. A ("CR"); 

(b) Expert Witness Report of the PTO' s expert Professor 
Myrna B. Dolovich dated Feb. 4, 2008, attached as Ex. B ("DR"); 

(c) Transcript of Myrna B. Dolovich' s Deposition, taken 
Feb. 12, 2008, attached as Ex. C ("DT"); 

(d) Gansslen, M., Uber Inhalation von Insulin, Klin. 
Wochenschr. 4 (1925) and English translation, attached as Ex. D; 

(e) Myrna A. [sic] Dolovich, Influence of Inspiratory Flow 
Rate, Particle Size, and Airway Caliber on Aerosolized Drug Delivery to the Lung, 45 
Respiratory Care 597 (June 2000), Exhibit 3 to Deposition of the USPTO's Expert 
Professor Myrna B. Dolovich, attached as Ex. E; 
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(f) Defendant USPTO's Second Supplemental Objections and 
Responses to Plaintiffs Requests for Admission, dated March 14, 2008, attached as Ex. F 
("Def Resp. to Req. for Admis."); 

(g) Defendant USPTO's Second Supplemental Objections and 
Responses to Plaintiffs Interrogatories, dated Feb. 19, 2008, attached as Ex. G ("Def 
Resp. to PL's Interrog."); 

(h) U.S. Patent No. 5,643,868 (filed on Jun. 6, 1995), attached 
as Ex. H; and 

(i) Recorded Assignments of U.S. Patent Application 
09/848,774, attached as Ex. I; and 

(iv) the Administrative Record for Application No. 09/848,774, filed 

by the PTO on March 21, 2008 (referenced by Tab and consecutive pagination numbers). 

4. The experts are in agreement as to all material facts. At the deposition of 

the PTO's expert, Myma B. Dolovich, a professional engineer, Ms. Dolovich testified 

that she had addressed all of the statements in Dr. Crystal's Report that she considered to 

be "both important and incorrect." (DT 93 : 1 1 - 94:5.) She addressed only specific 

points in paragraphs 35, 36, 37, 53 and 54 of Dr. Crystal's Report in her own Report. 

(DR TITI 12-17.) Even as to the minor parts of Dr. Crystal's Report with which she took 

issue in her Report, on cross-examination Ms. Dolovich retracted these criticisms. (See 

DT 135:10-18 (admitting Schenk was designed to treat diseases of the lung and to reach 

only the airways, not the alveoh); DT 171:11 - 172:5 (factors other than size of particles 

affect deposition in the lungs); DT 227: 12 - 232: 15 (cannot rely on Harrison for dosing 

without extensive experimentation in laboratory); DT 162:1-12 (Ms. Dolovich did not 

make the statement that "all of the medication on the peripheral airways is absorbed into 

the bloodstream," much less that all medication inhaled is absorbed (as the Board 

declared). She said only that a "portion" of medication that reaches the peripheral 

airways "may be absorbed." She was not prepared to take "a leap of faith" to say that 
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even once all of the medication that reaches and is deposited on the peripheral airways is 
absorbed into the bloodstream); DT 109:17-21, 106:16 - 107:5 (admitting that her 
Report's use of the term "peripheral airways" excludes the alveoli and that she does not 
mean that any device that is designed to treat asthma is necessarily designed to deliver 
medication to the alveoli. Since Dr. Crystal addresses delivery of medication to the 
alveoli, Ms. Dolovich does not contradict him); DT 191:11-14 (the "methods" referred to 
in her Report as being in existence by January 29, 1993, and "familiar" to persons of skill 
in the art were methods "of being able to characterize an aerosol," for "capturing an 
emitted dose" and for "assaying drugs," not methods for administering insulin by 
inhalation to control blood glucose levels.).) 
'774 Patent Application 

5. Novo is the assignee, from Aradigm Corporation, of U.S. Patent 
Application No. 09/848,774 ("the '774 Application"), entitled "Method of Treating 
Diabetes Mellitus in a Patient," which was filed with the PTO on May 3, 2001 . (Admin. 
R. Tabs 1-2; see also '114 Application as published, attached as Ex. 4 to Ex. A of the 
Nash Declaration.) 

6. The '774 Application claims methods whereby dry powder insulin is 
supplied to an inhalation device, aerosolized, and inhaled by the patient, in a way that 
allows the patient to absorb a controlled dose of insulin into his or her bloodstream. 
(Amendment After Final, dated May 10, 2004, Admin. R. Tab 23.) These methods 
achieve consistent, reproducible dosing of the inhaled insulin. (CR 1| 3 1 .) 



Case 1 :06-cv-01 896-CKK Document 27 Filed 04/02/2008 Page 45 of 74 

7. As presently amended by the Amendment After Final, dated May 10, 
2004, the '774 Application contains pending claims 22, 23, 25, 26, 31, and 35, of which 
22, 25, 31, and 35 are independent. (Admin. R. Tab 23.) 

8. The pending claims are as follows: 

22. A method for treating diabetes mellitus in a patient comprising the 
steps of 

a. supplying a predetermined amount of dry insulin powder to an 
inhalation device; 

b. releasing a pressurized gas over the predetermined amount of 
dry insulin powder to create an aerosolized suspension 
comprising powder suspended in air, wherein the aerosolized 
suspension contains an amount of insulin that is 2-10 times 
higher than the amount needed to be absorbed in the 
bloodstream of the patient; and 

c. inhaling the aerosolized suspension at a flow rate and volume 
sufficient to allow the patient to absorb in the bloodstream a 
controlled dose of insulin that comprises between 1-50 units of 
insulin. 

23. The method of claim 22, wherein steps a-c may be repeated 
periodically as needed to treat the patient and wherein the amount 
of insulin supplied to the bloodstream in step c remains relatively 
constant for each repetition of steps a-c. 

25. A repeatable method of regulating blood glucose levels in a human 
patient, the method comprising the steps of: 

a. supplying a fixed quantity of dry insulin powder to a portion of 
a hand held inhalation delivery device; 

b. propelling a gas over the fixed quantity of dry power to 
produce, in a repeatable manner, an aerosolized suspension of 
insulin, the aerosolized suspension containing more insulin 
than is required in the bloodstream of the patient to achieve a 
satisfactory blood glucose level; and 

c. flowing at least a portion of the aerosolized suspension through 
a mouth piece on the device and into the lungs of the patient in 
a manner sufficient to cause the patient to absorb in the 
patient's bloodstream a sufficient, controlled quantity of 
insulin to achieve acceptable blood glucose level following 
treatment. 

26. The method of claim 25, wherein steps a-c may be repeated 
periodically as needed to treat the patient and wherein the amount 
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of insulin supplied to the bloodstream in step c remains relatively 
constant for each repetition of steps a-c. 

31. A repeatable method of lowering a patient' s serum glucose level to 

acceptable value, the method comprising the steps of 

a. supplying a predetermined amount of dry insulin powder to a 
medical device; 

b. releasing a compressed gas over the dry insulin powder to form 
a suspension comprised of dry insulin powder and air; and 

c. inhaling at least a portion of the suspension at a flow rate and 
volume sufficient to deposit a sufficient, controlled quantity of 
insulin in the patient's lungs so that the patient absorbs into the 
blood between 1 and 50 units of insulin, thereby lowering the 
patient's blood glucose level to an acceptable value between 
50 mg/dl and 300 mg/dl. 

35. A method of administering insulin to a diabetic patient to control 

serum glucose levels via a hand held inhalation device, the method 
comprising the steps of 

a. supplying a predetermined quantity of insulin powder to a 
portion of the device; 

b. aerosolizing the insulin powder to form a cloud of insulin 
within the device, the cloud comprised of air and suspended 
insulin particles, the quantity of insulin particles being 2-10 
times the dosage of insulin required to be delivered into the 
patient's blood to achieve acceptable blood glucose level; 

c. administering to the patient's bloodstream via the patient's 
lungs a sufficient controlled and repeatable quantity of insulin 
from the cloud to produce an acceptable blood glucose level in 
the patient. 

(Admin. R. Tab 23.) 

9. The '774 Application claims priority from an application filed on January 
29, 1993, now U.S. Patent No. 5,364,838. ('774 App. T| 0001, Admin. R. Tab 2.) 

10. The effective date for evaluating the prior art is January 29, 1993, and 
Novo's expert. Dr. Ronald G. Crystal, and the PTO's expert, Myrna B. Dolovich, 
assumed January 29, 1993 as the priority date. (CR T| 12; DR T| 10.) 

1 1 . Ms. Dolovich, the PTO's expert, formed her own "views as to whether 
[the claims in the '774 application] were unique and novel." (DT 18:11-12.) She 
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concluded that "[t]his is a new method of delivering a dmg - a novel method of 
delivering insulin by aerosol." (DT 227: 14-16.) 

12. Novo's expert has opined that the claimed invention is not obvious. (CR ^ 
55). The PTO's only expert has not disagreed with him on this point, although she filed a 
Report taking issue with — as she said — everything in Dr. Crystal's Report that she 
believed to be incorrect and important. (DT 6:15 - 7:21; 93:11 - 94:5 (see DR^fTJ 12-17); 
see supra ]| 4.) 

13. Ms. Dolovich had an opportunity to offer an opinion on obviousness, but 
has never asserted or opined that the claims are obvious. 

The Underlying Science: Diabetes Mellitus 

14. Diabetes mellitus is a disease in which there is a lack of or insufficient 
production of insulin in the human body. (CR 1| 15.) Because insulin regulates blood 
sugar, diabetes is characterized by persistently high blood sugar levels. Diabetic patients 
often require frequent insulin replacement treatment, which has traditionally been 
administered by injection, either subcutaneously or intravenously. (CR TJIJ 15, 18, 19; 
DT: 78:3-6; see also '774 App., Admin. R. Tab 2 at 1| 0003.) 

15. Patients need to receive relatively precise amounts of insulin in the 
bloodstream, because either too much or too little insulin has harmful or even potentially 
fatal effects. (CRlfTJ 16-17; DT 80:10-20.) 

16. Insulin exhibits a narrow therapeutic range when compared to most other 
drugs, meaning that the difference between the maximum and minimum amounts of 
insulin that can be safely administered to a given patient is small. (CR ^ 16.) 
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17. If a diabetic patient receives too little insulin, the blood glucose will not be 
effectively lowered, which can lead to serious conditions such as cardiovascular disease, 
circulatory problems, kidney failure and blindness. On the other hand, too much insulin 
may cause hypoglycemia, a dangerous condition in which low blood sugar levels can 
cause a patient to lapse into a coma, suffer permanent brain damage, or even die. (CR 

Tl 16; DT 80:10-20.) 

18. The dose of insulin administered to the patient' s bloodstream must be 
carefully monitored each time the patient takes insulin. (Harrison, Admin. R.Tab 13 at 
A268-69;CRT|18) 

19. In treating diabetes, it is critical to control the amount that reaches the 
patient's bloodstream. (CRT] 17, 29; DT 206:7-11.) 

20. Traditional insulin replacement therapy has historically involved the 
injection of insulin. This treatment supplies a consistent, reproducible and controlled 
dose of insulin into the bloodstream of the patient. (See Harrison, Admin. R. Tab 13 at 
A268-69.) 

21. The PTO's expert described this method as one in which "the patient is 
drawing up an aliquot of insulin into a syringe and injecting if (DT 87:3-7), or perhaps 
using a pre-filled pump from which the patient dispenses insulin via injection. (DT 87:9- 
11.) 

22. Use of inj ection to deliver insulin means that the amount of insulin to be 
injected is readily reproducible as a means of controlling a patient's blood glucose within 
acceptable levels. (DT85:2, 85:10-11, 86:1-11.) 
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23 . Over the many years that this therapy has been in use, certain principles 
have been identified and accepted for determining how often to monitor a patient's blood 
sugar levels, and how much insulin to administer. {See CR TJIJ 17-18; Harrison, Admin. 
R. Tab 13atA268-69.) 

24. In administering insulin by injection, the treating physician and the patient 
must work together to "titrate" the insulin dose appropriate for that patient. (CR Tj 18.) 

25. In order to titrate insulin dosage, it is essential that the insulin be 
administered in a manner that achieves a reproducible dose to the bloodstream. (CR 1| 18; 
DT 206:7-11.) 

26. As described by Novo's expert. Dr. Crystal (and agreed by Ms. Dolovich, 
the PTO's expert in this action (DT 93 : 1 1 - 94:5), titration is a process in which the 
physician starts the patient at a low dose, monitors the effect on blood sugar levels, and 
adjusts the dose as necessary. (CR 1| 18.) This process is then repeated until the 
physician is able to arrive at a dosage range that is safe and effective. (Id.) 

27. Even after the dosage range is established, the patient must measure his or 
her own blood glucose levels and make adjustments in the predetermined amount 
administered as needed. (CR Tj 18.) It is, for example, not uncommon for a patient to 
take an injection of short-acting insulin before a meal in order to counteract the expected 
rise in blood sugar levels associated with eating. {Id) 

28. So that the patient can achieve reproducible dosing, it is critical to control 
not only the absolute amount of insulin administered to the patient, but also the amount of 
insulin that reaches the patient's bloodstream. (CR 1| 17.) 
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The Underlying Science: Lung Physiology and Aerosols 

29. The lungs are made up of the trachea, bronchi, and bronchioles 
(collectively 'the airways'), and approximately 300 million alveoli (the air sacs), where 
gases are exchanged between the bloodstream and the air within the lung. The airways 
divide dichotomously, that is by twos, 23 times before the alveoli. The structure can be 
analogized to an up-side-down tree, in which the trachea is the trunk, the bronchi and 
bronchioles are the branches and the alveoli are the leaves. (CR ^ 23; DT 107:8-22, 
134:17-18.) 

30. Gas exchange between the bloodstream and the air within the lung takes 
place only through the alveoli; no gas exchange takes place through the airways, which 
act as conduits of air to the alveoli. (CRT] 23; DT 107:11-13; 110:6-18.) 

3 1 . Gas exchange, which is necessary for a drug to be absorbed from the lungs 
into the bloodstream, takes place at the "alveoli surface." (DT 107:8-13.) 

32. The peripheral airways and the "peripheral areas of the lung," referred to 
in the Expert Report of the PTO's expert witness Myrna B. Dolovich, are not the same 
thing as the alveoli. (DT 106:16-21; 106:22-109:9; 110:19-21.) 

33. It has long been known to treat diseases of the lung airways, such as 
asthma, by delivering medication in aerosol form to the affected airways. (CR ^ 20; DR 
1113.) 

34. Respiratory disease is susceptible to treatment by aerosols so long as the 
inhaled medication reaches the part of the lung that is affected by the disease, which, in 
the case of respiratory disease, is the airways. (DR^j 13.) 
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35. In determining the dose of medication to treat lung conditions, the focus is 
simply on getting medication to the airways, no farther. (DR 1| 13.) Additionally, the 
exact location in the airways where the medication needs to be deposited is not 
necessarily critical for treating asthma. (DRTJ 13; DT 106:9-21.) 

36. It has also long been known that some inhaled medicines may end up in 
the bloodstream. As early as 1925, experimental data was published indicating that 
administering insulin by inhalation could cause a reduction in blood glucose level. 
(Gansslen, M., Uber Inhalation von Insulin, Klin. Wochenschr. 4, 71 (1925), Ex. D to the 
Nash Declaration; see also CR 1| 21.) 

37. Because the frequent injections entailed by traditional insulin therapy can 
be painful and invasive, there has been extensive research into alternative methods for 
administering insulin, including oral, buccal and nasal administration. Research into other 
methods such as oral, buccal, and nasal have been unsuccessful. (CR 1| 19; see also, e.g., 
Harrison, Admin. R. Tab 13 at A269; '774 Application at IJIJ 0004 - 0006.) 

38. Although research has been ongoing for decades, no success in 
administering insulin by inhalation had been achieved prior to January 29, 1993, the 
priority date to which the '774 application is entitled. (CR TITJ 21, 12; '774 Application at 
Tl 0007.) 

39. To be administered by inhalation, insulin must be "aerosolized," that is, 
the insulin formulation must be converted into small particles suspended in air. (CR 1| 
24.) 

40. The resulting aerosol will have particles that vary in size, and contain 
many millions of insulin molecules. (CR Tj 24.) 
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41 . To treat diabetes, the insulin aerosol must be inhaled by the patient and 
must reach the alveoli in order to be absorbed into the bloodstream in a sufficient 
quantity to be effective. (CR 1| 23 .) 

42. Lung physiology presents a challenge to aerosolized insulin that is inhaled 
in order to treat diabetes. (CR HT] 23-26; DT 118:7-12, 130:4-10, 139:8-16, 146:2.) Much 
of an aerosol that is inhaled remains in the mouth and trachea. (DT 130:4-5.) 

43. In 1993, then-current research showed that only about 3-15 percent of 
inhaled medication could get beyond the trachea into the peripheral airways, "due mainly 
to the efficient aerodynamic filtration of the airways." (DT 139:2 - 140: 1.) Medication 
that makes it into the airways is likely to remain there. (DR 1| 15.) 

44. Ms. Dolovich stated that as one breathes, the "breath travels through the 
lung [and] particles reign [sic] out depending on their properties in different parts of the 
lung." (DT 118:9-12.) 

45. Particle size is one of the most important factor in determining whether an 
aerosolized drug reaches the alveoli. (DT 173:19 - 174:1, 118:2-22.) 

46. The "respirable fraction" is the fraction of the particles in an aerosol 
suspension that are of a size that are respirable, i.e., that when inhaled, may reach the 
alveoli. Only particles that are of respirable size ~ .5 to 5 micrometers (perhaps up to 6 
micrometers) ~ are of a size that may reach the alveoli. (CR Tj 25; DT 66: 1 1-17; DT 
67:14-20,77:4-15.) 

47. Consistent with her published work, Ms. Dolovich testified that the 
respirable particle size is "below five micrometers." (DT 65: 8-10.) For example, in her 
publication Myrna A. [sic] Dolovich, Influence of Inspiratory Flow Rate, Particle Size, 
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and Airway Caliber on Aerosolized Drug Delivery to the Lung, 45 Respiratory Care 597- 
608 (June 2000), attached as Ex. E to the Nash Decl., she defines this size as "less than 
five micrometers, sometimes defined as less than six micrometers." (DT 66: 11-17.) 
According to Dr. Crystal, 6 micrometers is the outer boundary of the respirable particle 
range. (CR1|25.) 

48. Once inhaled, particles grow in size by taking up water, a process called 
hygroscopic growth. Such growth may render particles no longer respirable. (DT 143 : 9- 
145:22.) 

49. Because of hygroscopic growth, particles of aerosolized drugs that are 
initially within the respirable fraction may no longer be of a respirable size after they get 
below the larynx. (DT 143:16-20.) 

50. Whether hygroscopic growth occurs and to what degree it affects the 
number of respirable particles depends on the drug itself (DT 144:5 - 144:4.) 

51. The humidity inside the lung is 100 percent. (DT 145:21-22.) 

52. Not all respirable particles are carried to the alveoli. (CR Tj 26.) 

53 . In addition to particle size, the flow rate and volume of inhalation of air 
and aerosolized insulin directly affect where the particles are deposited in the lungs and 
therefore the amount of insulin that reaches the alveoli. (CR 1| 26.) 

54. Among the other factors affecting whether the aerosolized insulin particles 
that are inhaled reach the alveoli are: velocity of inhalation, the nature or health of the 
patients' airways, and the charge and shape of the aerosol particles. (CR Tj 26; 

DT 130:20- 131:3.) 
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55. Not all insulin particles that are deposited in the alveoli are absorbed into 
the bloodstream. (CR 1| 27.) 

56. Insulin particles must impact the alveolar walls for insulin molecules to be 
absorbed into the bloodstream. When the dry powder particle comes into contact with 
the alveolar walls, it dissolves. (CR1|27; DT 118:13-22.) 

57. Unless insulin enters the bloodstream, it cannot act to lower blood glucose 
levels. (CR 111123, 27.) 

58. When an insulin particle dissolves after coming into contact with the 
alveolar walls, whether the molecules from that particle are absorbed from the alveoli 
into the bloodstream depends on a number of factors, of which the principal ones relate to 
the characteristics of the insulin molecules themselves. (CR 1| 27.) These factors include, 
e.g., molecular weight, the molecules' electrical charge, solubility in lipids due to 
surfactants, shape, hydrophilicity, hydrophobicity, and pH. (CR 1| 28.) 

59. Even where an inhaled drug reaches "the receptor site" — the area where 
treatment is to be effected — it may not absorbed, effective or bioavailable to treat the 
target condition. (CR Hlj 27-28; DT 118:13-22, 140:10-143:8.) 

60. Ms. Dolovich testified that receptors for asthma medicine are located on 
the airways but not on the alveoli. (DT 102:9-16). 

61. There is a considerable difference between the aerosol of medicine 
generated by an inhaler and the medicine's bioavailability, that is, its availability at the 
target site where it is needed to treat a medical condition. (CR 1| 25-28; DT 140: 10 - 
143:8.) 
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62. Various factors affect the absorption of insulin into the bloodstream and 
the reproducibility of a dose of inhaled insulin. These include molecular size, weight, 
charge (positive or negative), solubility in lipids or surfactants, shape, affinity or aversion 
to water, and relative acidity. (CR TITJ 27-28.) Even small changes in any of these 
molecular properties can profoundly alter the molecules' ability to be absorbed from the 
alveolar regions of the lungs into the bloodstream. (CR Tj 28.) The PTO's expert has not 
disagreed. (DT 93:11 -94:5; 172:7-8, 12-20.) 

63 . The amount of insulin absorbed in the bloodstream must be within a 
reproducible, narrow, safe, and effective therapeutic range. (CR IJIJ 17, 29; DT 206:7-1 1.) 

64. Whereas traditional dosing by injection is predictable, easily repeatable, 
and well documented (e.g., in Harrison), with inhaled insulin, only a potentially variable 
fraction of the insulin inhaled by a patient will ultimately reach the alveoli and be 
absorbed into the bloodstream. (CR ^ 29.) 

65 . The amount of insulin that needs to be delivered via inhalation to achieve 
an effective reproducible dose is a complex determination. (CR Tj 29.) 

66. In determining the dose of medication to treat respiratory conditions such 
as asthma, the focus is simply on getting medication to the airways, rather than causing it 
to be absorbed into the bloodstream. (DR 1| 13.) 

67. As of January 1993, no reference taught how to determine the amount of 
insulin that needs to be delivered via inhalation to achieve an effective reproducible dose. 
(DT 88:6-9.) As Ms. Dolovich, the PTO's expert testified, knowing the traditional 
dosages set out in Harrison would, at best, suggest that some portion or "fraction" of 
those doses ~ "[mjaybe 50 percent, maybe 25 percenf ~ could be used as a starting 
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point to determine the proper dosage for administering inhaled insulin. (DT 227:9 - 
228:14.) Using this fractional dose as a starting point would entail extensive follow-on 
experimentation. (DT 228:21 - 232.15.) 

68. Taking into account, as one treating diabetes must, the narrow therapeutic 
range of insulin (as compared to the broad range of drugs used to treat lung disease), 
means that dosages used in inhalation devices designed to treat asthma are of little or no 
use. (DT 78: 10 -80:3.) 

69. In her Report, Ms. Dolovich states that "the doses administered by 
subcutaneous injection that are discussed in Harrison, or some fraction thereof, would 
suggest a starting point for the administration of inhalable insulin." (DR ^j 17.) In her 
deposition, however, she did not support this statement. When asked how one would use 
Harrison, Ms. Dolovich explained that, to determine an inhaled dose, it would be 
necessary to perform a series of experiments using Harrison as a benchmark for the 
maximum amount of insulin that could end up in the bloodstream. (DT 227:3 - 230:5.) 
She in no way explained how much insulin would be put in an inhaler. (Id.) And she 
stated that even the elaborate experiments she described as needed to translate Harrison 
into a treatment using inhaled insulin could not be used "to treat [patients] at the time." 
(DT 230: 10-1 1 .) "We are talking about collecting information to support a method of 
inhaling insulin that is dijf event from the subcutaneous route'' (DT 232: 1-3 (emphasis 
added).) As she explained, "it is a leap from a laboratory set of experiments to . . . 
treat[ing]" diabetes. (DT 216:4-6.) 

70. If a patient is given an insufficient dose of an asthma medication, e.g., 
another dose can be given, with the ultimate risk of side-effects such as bruising or 
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thinning of the skin or tremors (from an overdose). A risk to the life of the patient is not 
a side-effect of asthma medications. (DT 79:5-13, 80:21-82:10, 89:16-22, 91:6-9.) 
Proceedings in the PTO 

71. In a Final Office Action, dated April 15, 2003, the patent examiner 
("Examiner") assigned to examine the '774 Application rejected all of the claims then 
pending, on the ground that they were unpatentable as obvious to a person having 
ordinary skill, under 35 U.S.C. § 103(a), in light of two prior art references: U.S. Letters 
Patent No. 5,192,548 to Velasquez et al., issued on March 9, 1993 ("Velasquez") 
(Admin. R. Tab 18) and International Patent Publication No. WO 90/07351 to Schenk, et 
al., published on July 12, 1990 ("Schenk") (Admin. R. Tab 17). (Admin. R. Tab 16 at 
A292.) 

72. The Examiner stated that the "differences between Schenk et al. and claim 
22 are [1] insulin as the dry powder medicament and [2] the recited intended result of the 
insulin containing 2-10 times higher the amount needed to be absorbed in the blood 
stream of a patient." (Admin. R. Tab 16 at A292.) 

73 . The Examiner concluded that Velasquez satisfies the difference of dry 
insulin powder because "Velasquez et al. teach a variety of dry powder medicaments as 
inhalable powders including insulin," and therefore "[i]t would have been obvious to 
modify the dry powder in Schenk et al. to employ dry powder insulin." (Admin. R. Tab 
16 at A292.) 

74. The Examiner concluded that "[a]s to the recited intended result of the 
amount of insulin employed and the amount of insulin being absorbed . . . [this] . . . can 
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be arrived at through mere routine obvious experimentation and observation ... to be 
tailored to the particular patient's medical needs." (Admin. R. Tab 16 at A293.) 

75. The Examiner also stated that "[a]s to the recited claimed limitations 
defining a controlled quantity of insulin which is sufficient to achieve the desired result, 
Schenk et al. (page 3, lines 5-3 [sic]; page 4, lines 27-37) disclose a device which . . . 
facilitate [es] maximum amounts of medicament inhaled and absorbed into a patient's 
bloodstream. That is, given that Schenk et al. disclose aerosolizing most of the 
medicament within the aerosolization chamber (16), the amount of medicament available 
for inhalation by a patient is predictable." (Admin. R. Tab 16 at A294.) 

76. As for the limitation of repeating the administration of insulin in a 
reproducible, consistent manner, without citation, the Examiner stated, "is [sic] stands to 
reason that the administration protocol would have included repeated inhalation 
(administration) of insulin." (Admin. R. Tab 16 at A293.) The Examiner stated this three 
times. {Id. at A293, A293-94, A294.) 

77. In an Amendment After Final, dated May 10, 2004, Novo amended the 
claims for appeal. (Admin. R. Tab 23, A346-348), as set out supra Tj 8. 

78. Also on May 10, 2004, Novo appealed the Examiner's rejection to the 
Board of Patent Appeals and Interferences ("Board"). (Appeal Brief, Admin. R. Tab 24.) 

79. In the Examiner's Answer, dated January 25, 2006, the Examiner cited 
Harrison's Principles of Internal Medicine, Ch. 337 "Diabetes Mellitus" (Kurt Isselbacher 
et al. eds., 13th ed.. Vol. 2 1994) pp. 1986-87 ("Harrison") (Admin. R. Tab 13) as 
"[e]xtrinsic evidence to support the positions taken in the rejection." in addition to 
Schenk and Velasquez. (Examiner's Answer, Admin. R. Tab 32 at A421.) 
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80. In his Answer, with the same typographical error, the Examiner reiterated 
his argument for rejecting the repetition limitations by stating that "is [sic] stands to 
reason that the administration protocol would have included repeated inhalation 
(administration) of insulin to maintain an adequate concentration of medicament in a 
patient's bloodstream." (Admin. R. Tab 32 at A420.) 

81. The Board, in its Decision mailed Sept. 7, 2006, in Appeal No. 2006-1762, 
focused on Claim 22 in sustaining the Examiner's rejection of all of the pending claims, 
rejecting "Claims 22 through 38" (even though Novo had appealed only pending claims 
22, 23, 25, 26, 31, and 35). (Board Decision, Admin. R. Tab 36 at A447, A451.) 

82. The Board found all rejected claims to be unpatentable under 35 U.S.C. 
§ 103 as "obvious over Schenk in view of Velasquez." (Admin. R. Tab 36 at A447, 
A451.) 

83. The Board concluded that, by using dry insulin powder, as suggested in 
Velasquez, with a standard asthma drug inhaler, like those in Schenk, and by consulting 
Harrison, the claims of the '774 Application would have been obvious to one of skill in 
the art. (Admin. R. Tab 36; CR 1| 39.) 

84. In support of its obviousness determination, the Board also cited "the 
evidentiary value of Harrison's recitation of amounts" of insulin to treat diabetes by 
injection. (Admin. R. Tab 36 at A449.) 
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The Prior Art Relied Upon by the PTO 

The Schenk Inhalers, International Patent Publication No. WO 90/07351 

85. Schenk describes oral inhalers used to administer aerosolized medicine 
into the bronchi to treat diseases of the lungs, such as asthma. (Admin. R. Tab 17 at 
A300, 11. 4-7; CRT] 35; DT 133:1-15.) 

86. Schenk' s oral inhalers operate by supplying a product reservoir with 
powdered medicine, which medicine is drawn into a gas flow passage containing a throat 
(or restriction) through which air is propelled at a high velocity by a pressure gas source. 
The medical product is thereby aerosolized and flows into a mouthpiece for inhalation by 
the patient. (CRT] 35; Admin. R. Tab 17, A3 02, 11. 8-25, ^eeDT 61:17 - 62:15.) 

87. Schenk is not designed to deliver drugs to the alveoli, but only to the 
peripheral airways. (DT 106:1-4; 133:6 - 135:18; DRTJ 13.) 

88. Ms. Dolovich could not identify any statement in Schenk that describes his 
invention as "designed to deliver medication to the alveoli to provide systemic 
treatment." (DT 95:14-18.) 

89. Schenk is not designed to deliver medication to the alveoli to provide 
systemic treatment. (CRT|36;DT 133:6-135:18.) 

90. The design of the inhaler affects its function: the percentage of an aerosol 
that gets below the larynx "depends on your inhaler - inhaler design." (DT 120: 1-1 1 .) 

9 1 . The PTO' s expert admitted that there is no indication that Schenk 
contemplated treatment of any systemic disease, that is, of any disease outside the lung. 
(DT 133:6 - 135:18.) As the PTO's expert also testified, a device designed to treat 
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asthma is not necessarily a design that will deliver medication to the alveoli. (DT 109: 17 
-110:10.) 

92. Schenk states that "only particles having a diameter of less than 7 ^m have 
a chance to penetrate completely into the bronchial tubes." (Admin. R. Tab 7 at A300, 11. 
9-11.) 

93 . The PTO' s expert testified that there is no way to determine whether 
Schenk would produce the same respirable fraction of insulin that it produced of asthma 
medicine. (DT 98:9 - 99:11.) 

94. The Schenk devices are designed to deliver drug to the peripheral airways, 
(DR Tl 13), which does not refer to alveoli, (DT 133: 6-15). They are not designed to 
deliver medication to the alveoli to provide systemic treatment. (CR 1| 36; DT 133:6 - 
35:18.) 

95. The behavior of insulin in inhalers like Schenk' s is not predictable. (DT 
98:19-21,99:3-4,99:9.) 

96. The amount of medication the Schenk device would cause to be carried to 
the alveoli ~ and thus, into the bloodstream ~ is also unpredictable. (DT 119:11-12, 

1 19:21-22, DT 120:3, DT 120:10-11.) 

The Velasquez Sheet Material, U.S. Letters Patent No. 5,192,548 

97. Velasquez describes a sheet material having discrete depressions that are 
filled with powdered medicine, referred to in Velasquez as "medicament." According to 
Velasquez, this sheet material allows for aerosolization of the medicine "in a relatively 
deagglomerated state so that such may be administered by inhalation." (CR Tj 37; Admin. 
R. Tab 18 at A328, Abstract and col. 2, 11. 21-25; DT 93:11 - 94:5.) 
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98. The sheet material dispenser, in which the depression depths can be 
varied, is filled with dry powder medicament, and then when placed in an inhaler, the 
material is impacted fi-om the back causing the powder to be forced out of the sheet 
material into the air to become aerosolized. (Velasquez, Admin. R. Tab 18 at A330, col. 
5, 11. 52-54.) 

99. Velasquez lists insulin as one of approximately fifty "[ejxemplary drugs 
which may be employed" in the use of his sheet material. (Admin. R. Tab 18 at A330, 
col. 6, 11. 25-41; CR Tj 37.) All the drugs listed by Velasquez, except insulin, are simpler 
and much smaller molecules than insulin, and none except insulin is a protein. (CR ^ 37.) 

100. One of skill in the art is taught by Velasquez that the respirable fraction 
generated by Velasquez's sheet material will vary based on varying substrate depression 
depths. (CR T| 46.) 

101 . Ms. Dolovich testified, using Velasquez as a reference, that the percentage 
of insulin that one could get deposited in the lungs and absorbed into the bloodstream is 
"anybody's guess at this point. We are not saying that - 1 am not saying that I know what 
percentage of a drug inhaled is actually picked up in the blood." (DT 224:10 - 225:4.) 

Harrison's Principles of Internal Medicine, Excerpt on Insulin 

1 02. Harrison discusses the treatment of diabetes by conventional inj ection, 
multiple subcutaneous injections, and continuous subcutaneous infusion of insulin. 
(Harrison, Admin. R. Tab 13 at A268-69.) 

1 03 . Harrison does not teach anything about the use of inhaled insulin to treat 
diabetes. (CR 1| 38; First Amended Response to Req. for Admis. No. 4.) 
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104. The PTO admitted that "Harrison does not teach the administration of 
insulin through inhalation." (Def. Resp. to Req. for Admis, Response to Req. for Admis. 
No. 5.) 

1 05 . The PTO' s expert admitted that Harrison would not teach the 
administration of insulin through inhalation because "nobody was using inhalable insulin 
in 1994. . . [s]o it would not be in there." (DT 88:6-9, 232:1 - 235:10; ;?ee CRT] 21.) 

106. As the Harrison reference (relied upon by the Examiner and the Board) 
itself states, as of January 29, 1993, "[n]o single standard exist[ed] for patterns of 
administration of insulin, and treatment plans var[ied]." (Harrison, Admin. R. Tab 13 at 
A268.) 

1 07. The amount of insulin needed to be put in an inhaler for eventual 
absorption into the bloodstream cannot be determined by consulting Harrison. (CR Tj 38; 
DT 227:3 -230:11.) 

Undisputed Errors 

108. The Board attached no significance to the fact that both Schenk and 
Velasquez deal with delivery of drugs to the lungs for treatment of lung conditions, and 
not for systemic treatment of any disease, let alone diabetes. (Admin. R. Tab 36; CR 
nil 39, 47; Schenk, Admin. R. Tab 17, at A3 00, 11. 4-5; Velasquez, Admin. R. Tab 18 at 
328, col. 1, 11. 9-10.) 

109. In combining Velasquez's suggestion of putting insulin into his sheet 
material, with Schenk' s inhaler designed to deliver asthma medicine to the lungs, the 
Board incorrectly equated the amount of insulin supplied to the inhaler with the amount 
of insulin available to the patient's bloodstream to treat diabetes. (CR ^ 39, 47.) 
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110. The Board stated, in rejecting the claims of the '774 Application, that 
"medicament that is inhaled is absorbed into the bloodstream by the lungs." (Admin. R. 
Tab36atA449;CR1|41.) 

111. This statement incorrectly assumes that all medicine of all kinds that is 
inhaled will be absorbed into the patient's bloodstream. (CR1|41; DT 93:11 -94:5 {see 
DRTITI 12-17); DT 161:22 - 162:12, 129:21 - 130:7.) 

1 12. The Board cited no authority for the statement quoted in ^ 102. (Def 
Resp. to PL's Interrogs., Resp. to Interrog. No. 8.) 

113. In this action, the PTO admitted that "when medicament is inhaled, a 
portion of the medicament may not reach the alveoli," thus admitting that not all inhaled 
medicine is absorbed into the bloodstream. (Def Resp. to Req. for Admis., First. 
Amended Resp. to Req. for Admis. No. 8.) 

1 14. In this action, the PTO also admitted that "of the medicament that does 
reach the alveoli, a portion . . . may not be absorbed into the bloodstream." (Def Resp. 
to Req. for Admis., First Amended Resp. to Req. for Admis. No. 8 and Resp. to Req. for 
Admis. No. 9.) 

115. Much less aerosolized medicine is deposited on the peripheral airways 
than is inhaled. (See generally CR IJIJ 22-29; DT 129:21 - 130:7.) The "peripheral 
airways" do not include the alveoli. (DT 135:10-18.) 

116. Although the Report of the PTO' s expert appeared at first blush to support 
the Board, by stating that "[a]ll or a portion" of "medication" that "reaches the peripheral 
airways" and that "may be deposited on peripheral airway surfaces" "may be absorbed 
into the bloodstream," (DR Tj 13), she admitted, when questioned at her deposition, that 
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the peripheral airways are, by definition, different from the alveoli. (DT106:16- 107:5, 
135:10-18.) 

117. The "treatmenf that the PTO' s expert referred to in Tj 1 3 of her Report as 
being "effect[ed]" by the deposit of medicine on the "peripheral airway surfaces" was the 
treatment of asthma by asthma medicine, not a medicine that acts by being absorbed into 
the bloodstream. (DT 106:6-21.) 

118. The PTO' s expert admitted that it would take a "leap of faith" to say that 
"all" medication that is inhaled reaches the bloodstream. (DT 161 :22 - 162: 12.) 

119. The Board purported to find in Velasquez the claim limitations regarding 
the amount of insulin in the aerosolized suspension, including the limitation of claim 22 
that "the aerosolized suspension contains an amount of insulin that is 2-10 times higher 
than the amount needed to be absorbed in the bloodstream of the patienf ("the 2-10 
range"). (Admin. R. Tab 36 at A448-449.) 

120. The Board also stated that the "2-10 range" and controlled delivery 
limitations of the claim could be determined by "routine experimentation" in light of the 
references. (Admin. R. Tab 36 at A450.) 

121 . The Board relied on the statement quoted in ^j 102 in finding the claims 
obvious. (Admin. R. Tab 36 at A449.) 

122. The passage from Velasquez that the Board relied upon simply describes 

the change in the respirable fraction that is produced by increasing or decreasing the 

depth of the substrate depressions in the claimed sheet material: 

[t]he percentage of medicament retained on the sheet material . . . decreases 
as depression depth increases, this being about 95% at 14 [im, about 60% at 
28 [im and about 35%) at 45[j.m. Further, the respirable fraction . . . similarly 
decreases as depression depth increases, this being about 65% at 14 fim. 
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about 30% at 28 ^m and about 10% at 37 fim. These two trends result in 
the proportion of total medicament released in particles of respirable size 
remaining generally similar for the depression depths studied (this being 
about 5% to 15% of total medicament). 
Velasquez, Tab 18 at col. 5, 11. 7-19 (emphasis added). (Board Decision, Admin. R. Tab 

36 at A449.) 

123. The passage cited above in ^j 113 from Velasquez teaches one of skill in 
the art that "the respirable fraction generated by Velasquez's sheet material will vary 
based on varying substrate depression depths. (CR Tj 46.) 

124. The Board created its own definition of "respirable fraction," stating that 
the term meant "[t]he fraction that will be absorbed relative to the total amount inhaled." 
(Admin. R. Tab 36 at A449.) 

125. The "term 'respirable fraction,' as generally understood by persons of 
ordinary skill in the art, is the percentage of aerosolized particles that are of respirable 
size, i.e., that are of a size that, when inhaled, may reach the alveoli." (CR Tj 42; DT 
66:11-17; 67:1-5; 67:21 - 68:7; see supra T| 44.) 

126. Velasquez defines "respirable fraction" as "the percentage of drug which 
is in particles of aerodynamic diameter of equal to or less than about 6.4" micrometers. 
(Admin. R. Tab 18 at A330, col. 5, 11. 11-13.) 

127. The Board used its own definition, not Velasquez's, as a basis for deciding 
that Velasquez taught the "2-10 limitation." (Admin. R. Tab 36 at A449). 

128. The Board Decision did not refer to Velasquez's definition of "respirable 
fraction," although it used the term in the context of its discussion of Velasquez. (CR ^ 
43; Admin. R. Tab 36 at A449.) 
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129. The Board did not use the definition of "respirable fraction" used by 
persons of ordinary skill in the art. (CRT] 43; DT 66:11-17; 67:1-5; 67:21-68:7.) 

130. The Board's definition of "respirable fraction" differs from the 
understanding of that term by persons of ordinary skill in the art. (CR Tj 42; DT 77:6-7.) 

131. The PTO's expert agrees that "[t]he fraction of the aerosol containing 
particles, less than five micrometers, sometimes defined as less than six micrometers in 
diameter is termed the fine particle or respirable fraction (FPF), and has been used more 
widely recently to describe the quality of the aerosol and its potential for delivery to the 
lower respiratory tract." (DT 66: 11-17.) The lower respiratory tract means the 
bronchioles and the alveoli. (DT 67:6-13.) 

132. The Board cited no authority for its definition. (Def Resp. to PL's 
Interrog., Resp. to Interrog. No. 7.) 

133. "Respirable fraction" is different from the concept of the fraction of 
medicaments that reach the alveoli that may be absorbed. (CR 1| 42.) 

134. The Board confused the percentage of inhaled insulin particles that may 
reach the alveoli with the percentage of inhaled insulin that is absorbed into the 
bloodstream. These concepts are entirely different. (CR T| 44; DT 93 : 1 1 - 94.5; DR 
HH 12-17.) 

135. Deposition and absorption are two separate processes. (DT 183:19 - 
184:2.) 

136. The PTO admitted that the respirable fraction which Velasquez observed 
as varying with the depth of the depression in the sheet material pertains only to 
"albuterol sulfate," and refused to "comment on the respirable fraction for drugs other 
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than 'albuterol sulfate,' including insulin. (Resp. to Req. for Admis., Res. to Req. for 
Admis. No. 12.) 

137. The PTO admitted that "albuterol sulfate and insulin have different 
chemical compositions and molecular weights" and that the two drugs "likely differ in 
other chemical properties." (Resp. to Req. for Admis., Res. to Req. for Admis. No. 13.) 

138. The Board noted that "Velasquez describes the range that such respirable 
fractions may embrace for the various medicaments it describes at col. 5 lines 7-15. 
Velasquez mentions the fraction may be in the range of 10% to 65%. Taking the inverse 
of this range to determine the amount of medicament that would need to be inhaled yields 
a range of 1.54 to 10 times the amount needed to be absorbed, which we note 
substantially overlaps the claimed 2 to 10 times." (Board Decision, Admin. R. Tab 36 at 
A449.) 

139. The Board treated the calculations in Tj 129, supra, as pertaining to insulin. 
(Admin. R. Tab 36 at A449.) 

140. Dr. Crystal pointed out the following errors in the Board's attempt to find 
support for the claimed "2-10 range" in Velasquez: 

(a) The Board misinterpreted Velasquez' s teaching that respirable 
fractions ranging from 65%) to 10%) can be obtained by increasing the depth of the sheet 
depressions from 14 \irs\ to 37 \m\. Based on its erroneous view that all medicament of a 
respirable size that is produced in an inhaler ends up in the bloodstream, it arbitrarily 
decided that the inverse of the Velasquez percentages — which it calculated as 'a range of 
1.54 to 10 times the amount needed to be absorbed' — represented the amount of a 
medicament that should be placed in an inhaler to treat diabetes. The Board incorrectly 



Case 1 :06-cv-01 896-CKK Document 27 Filed 04/02/2008 Page 69 of 74 

declared that this range could be meaningfully compared to the claimed 2-10 range. (CR 
1147.) 

(b) The ranges of respirable fractions described in Velasquez do not 
prescribe an 'amount' of medicament to be used to treat a patient, in part because the 
percentage has no predictable relationship to the amount to be absorbed in the 
bloodstream. (CRIJ 48; DT 223:1-10; 224:8-10.) 

(c) The supposed overlap of the 1 .54 to 10 times range that the Board 
purported to derive from Velasquez and the 2 to 10 range claimed in the '774 Application 
is not correlative. A person of ordinary skill in the art would not read Velasquez as the 
Board did. (CR1|49.) 

141. The PTO's expert does not disagree with Dr. Crystal's statements supra 
II 131. (DT 93:11 -94:5 (^eeDRIJIJ 12-17).) 

142. The PTO' s expert could not explain the Board' s reasoning regarding the 
"inverse" of the Velasquez percentages, or replicate it. (DT 218:14 - 224: 10.) 

143 . Both the PTO' s expert and the PTO have admitted that "Velasquez does 
not teach specific dosages of insulin to be administered through inhalation to treat 
diabetes." (Resp. to Req. for Admis., First Am. Resp. to Req. for Admis. No. 10.) The 
PTO's expert at first testified that Velasquez does teach how much inhaled medicine will 
be absorbed into the bloodstream. (DT 224:8-10.) Later she admitted, "[y]ou would 
need to do another set of experiments using human subjects, taking this delivery system, 
measuring the dose ~ the emitted dose at the mouth, deposition and guesstimating or 
estimating what percentage would get into the lung." (DT 224: 15-19.) 
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144. The Board purported to find the limitation regarding controlled delivery of 
inhaled insulin in Schenk and Velasquez. (Bd. Dec, Admin. R. Tab 36 at A450.) 

145. The Board also purported to find the limitation regarding the "repeatable" 
nature of the method was taught by Schenk and Velasquez. (Admin. R. Tab 36 at A449- 
450.) 

146. The Board stated that Schenk and Velasquez "describe structural devices 
to precisely control the amount of a medicament delivered." (Admin. R. Tab 36 at 
A450.) 

147. Schenk may control the amount of a powder that is aerosolized, but that is 
the extent of its control. (CR ^ 50.) 

148. Velasquez describes how much medicament should be put into the subject 
sheet material, and describes how much of the aerosolized medicament will be of 
respirable size, depending on the depth of the depressions in the sheet material, but that is 
the extent of its control. (CR ^ 50.) 

149. While Schenk and Velasquez may allow one of ordinary skill in the art to 
control the amount of insulin that is coming out of a device, they do not control in any 
way the amount of insulin that is inhaled by the patient and, in particular, do not control 
the amount inhaled that reaches the alveoli or will actually be absorbed into the 
bloodstream. (CR T| 50; DT 224: 1 8 - 225 :4.) 

150. In its discussion of whether the element of controlling the dosage is taught 
by Schenk and Velasquez, the Board makes the statement that the "precise amount is not 
critical to the invention." (CR 1| 51; Admin. R. Tab 36 at A450.) 
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151. The amounts of insulin administered to each patient for absorption are 
absolutely critical. (CRT] 51; DT 80:10-20; 232:3-8.) 

1 52. The Board stated that "S[c]henk' s inhaler is inherently repeatable in 
operation," so that claim limitations of repeatability were taught by Schenk. (Admin. R. 
Tab36atA450.) 

153. The Board's statement to which reference is made in ^j 143 is incorrect, 
because many factors influence whether a reproducible dose is administered to the 
bloodstream by insulin inhalation, even if the same amount of insulin is aerosolized in a 
device in the same manner each time. These factors include, among others, the flow rate 
and volume with which a patient would inhale each dose of insulin, the speed of the 
inhalation, the particle size, the concentration of the drug in the carrier, and the point in 
the respiration cycle where the patient initiates inhalation. (CR Tj 52; DT 93 : 1 1 - 94:5, 
96:22-98:1, 130:20-131:3, 172:7-8, 172:12-20.) 

154. These factors in ^ 144 could differ widely with a device such as those in 
Schenk. Such differences would result in a wide and unpredictable range of insulin that 
would reach the bloodstream. (CR T| 52; DT 93: 1 1 - 94:5; DR HT] 12-17.) 

155. The Board implicitly concluded that the inventions claimed in the '774 
Application could be realized with "routine experimentation." (Admin. R. Tab 36 at 
A450.) 

156. As for the limitation of achieving acceptable blood glucose level following 
treatment, the Board stated that one of ordinary skill in the art "would monitor the 
patient's vital statistics to achieve the desired result in view of the high variability among 
patients." (Admin. R. Tab 36 at A450.) 



Case 1 :06-cv-01 896-CKK Document 27 Filed 04/02/2008 Page 72 of 74 

157. The Board also cited the Examiner' s position that "standard guidelines for 
the number of units [of insulin] that are needed to be absorbed" were known to one of 
ordinary skill in the art, who "would adjust the amount inhaled to achieve that amount." 
(Admin. R. Tab36atA448.) 

158. Concerning the so-called "standard guideline" as referred to in Tj 148, the 
Board did not identify any such guidelines. (Admin. R. Tab 36 at A448.) 

159. The Examiner did not cite any such guidelines in his reference to them, 
which was cited by the Board. (Examiner's Answer, Admin. R. Tab 25 at A3 84.) 

160. The PTO has failed to identify such guidelines, just as the Board failed to 
cite them. (Def Resp. to PL's Interrog, First Supp. Resp. to Interrog. No. 6; Resp. to 
Req. for Admis., First Amended Resp. to Request for Admission No. 7.) 

161 . After discovery closed, the PTO provided for the first time specific 
citations to three related references, that were buried in the 5000 pages previously 
provided without explanation. (Resp. to Req. for Admis., First Amended Resp. to Req. 
for Admis. No 7.) These do not teach the claimed invention, which requires inhaling 
insulin to control blood glucose levels. Each reference states that the claimed invention 
will not eliminate the need for insulin injections in diabetic patients. See, e.g. U.S. Patent 
No. 5,643,868, col. 6 11. 3-6, attached as Ex. H to the Nash Declaration ("the methods of 
the present invention will not eliminate the need for parenteral insulin therapy"). 

162. Dr. Crystal attests to the lack of such guidelines and the PTO's expert has 
not identified any. (CR T| 54; DT 93: 1 1 - 94:5 (see DR IfTJ 12-17); see also DT 87:21 - 
88:9 (stating that Harrison does not discuss inhalable insulin).) 
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1 63 . The reason that a person of ordinary skill could not experiment with the 
insulin powder, suggested in Velasquez and used in conjunction with the inhaler taught in 
Schenk, to determine the claimed "2-10 range," or to lower or control glucose levels, is 
the lack of guidelines or an "administration protocol" for administering inhaled insulin. 
(CR1I54.) 

164. Dosage administration of injectable insulin is well known, and the 
effective and safe dosage of injectable insulin can be arrived at by titration using various 
techniques, as described in Harrison. But injectable dosing as taught in Harrison has no 
relevance to, and cannot be applied to, inhalable insulin. (CR Tj 54; DT 226: 13 - 
235:10.) 

165. A person of ordinary skill in the art, with the information available in 
Schenk, Velasquez, and Harrison could not have engaged in routine experimentation to 
arrive at the claimed 2-10 limitation, or have been able to safely, effectively, and 
reproducibly lower or control glucose levels to treat diabetes mellitus in a patient. (CR 1| 
54; DT 93:11 -94:5.) 

166. Ms. Dolovich testified that one of skill could not treat diabetes with the 
inhaler in Schenk and the suggestion of insulin in Velasquez: "[JJust show[ing] up at the 
door, so to speak, with an inhaler filled with insulin and say[ing], I am going to treat you 
with this . . . would be foolish." (DT 232:3-8.) 

167. Given the narrow therapeutic range within which insulin must be 
administered, such experimentation would be unethical and dangerous. (CR Tj 54; DT 
232:1-8.) 
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A Person of Ordinary Skill in the Art 

168. As of 1993, a person of ordinary skill in the art would have been one who 
had either an M.D. or a Ph.D. in a related field, and several years of experience in 
pharmaceutical aerosols, lung physiology, and pulmonary drug delivery or the equivalent 
training and experience. (CR ^ 33; DR Tj 16; DT 190: 1-6.) Both experts applied this 
standard. 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



NOVO NORDISK A/S, 



JON W. DUDAS, 

Under Secretary of Commerce for 

Intellectual Property and 

Director of the United States Patent 

& Trademark Office, 

Defendant. 



Case No: 06-1896 (CKK) 
Judge Colleen Kollar-Kotelly 
ECF 



DECLARATION OF SUSAN K. NASH IN SUPPORT 

OF MOTION FOR SUMMARY JUDGMENT 

ADJUDGING THAT NOVO IS ENTITLED TO A PATENT AND 

AUTHORIZING THE DIRECTOR TO ISSUE LETTERS PATENT 



CITY OF WASHINGTON ) 
DISTRICT OF COLUMBIA ) ss.: 



SUSAN K. NASH, declares and says: 



1 . 1 am associated in the practice of the law with firm Sullivan & Cromwell LLP, 
counsel to Plaintiff Novo Nordisk A/S in this action. 

2. 1 am duly admitted to, and a member in good standing of, the Bars of the District 
of Columbia, the State of New York, and of this Court. 

3 . I submit this declaration in support of Novo Nordisk' s Motion for Summary 
Judgment Adjudging that Novo Is Entitled to a Patent and Authorizing the 
Director to Issue Letters Patent. 
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4. Attached hereto are true and correct copies of the following: 

chibit A Expert Witness Report of Novo Expert Dr. Ronald G. Crystal and Exhibits 
thereto not in the Administrative Record filed on March 21, 2008, (Ex. 1 
Dr. Crystal's Curriculum Vitae; Ex. 2 Dr. Crystal's Publications; Ex. 3 Dr. 
Crystal's Prior Testimonies; Ex. 4 '774 Application as published.) 

ehibit B Expert Witness Report of the USPTO Expert Professor Myma B. 
Dolovich and Exhibits 1-2 thereto; 

chibit C Transcript of Myma Dolovich's Deposition, taken Feb. 12, 2008 (excerpts 
cited in Novo's memorandum in support of its summary judgment 
motion); 

chibit D Gansslen, M., Uber Inhalation von Insulin, Klin. Wochenschr. 4 (1925) 
and English translation; 

chibit E Myma A. [sic] Dolovich, Influence of Inspiratory Flow Rate, Particle 
Size, and Airway Caliber on Aerosolized Drug Delivery to the Lung, 45 
Respiratory Care 597 (June 2000), Exhibit 3 to Deposition of the 
USPTO's Expert Professor Myma B. Dolovich; 

chibit F Defendant USPTO's Second Supplemental Objections and Responses to 
Plaintiffs Requests for Admission, dated March 14, 2008; 



Exhibit G 



Defendant USPTO's Second Supplemental Objections and Responses to 
Plaintiffs Interrogatories, dated Feb. 19, 2008; 



Exhibit H U.S. Patent No. 5,643,868 (filed on Jun. 6, 1995); and 
Exhibit 1 Recorded Assignments of U.S. Patent Application 09/848,774. 

Pursuant to 28 U.S.C. § 1746, 1 declare under penalty of perjury that the 
foregoing is tme and correct. Executed on April 2, 2008. 



Susan K. Nash (D.C. Bar No. 

SULLIVAN & CROMWELL LLP 
1701 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006 
(202) 956-7500 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



NOVO NORDISK A/S 
Plaintiff, 



JON W. DUDAS 

Under Secretary of Commerce for 

Intellectual Property and 

Director of the United States Patent 

& Trademark Office, 



Defendant. 



Case No: 06-1896 (CKK) 
Judge Colleen KoUar-Kotelly 
ECF 



EXPERT WITNESS REPORT OF DR. RONALD G. CRYSTAL 

I. QUALIFICATIONS 

1 . I am the Bruce Webster Professor of Internal Medicine at the Weill 
Medical College of Cornell University, where I have been employed since 1993. I also 
hold, and have since 1993 held, the position of Chief of the Division of Pulmonary and 
Critical Care Medicine in the Department of Medicine at the Weill-Comell Medical 
Center of the New York-Presbyterian Hospital. 

2. Prior to working at the Weill-Comell Medical Center, I worked at 
the National Institutes of Health ("NIH"). I began my career at the NIH as a Research 
Associate in the Section on Molecular Hematology, a position I held from 1970-1972. 
From 1972-1 975, 1 was Head of the Section on Pulmonary Biochemistry at the NIH. 
From 1975-1993, I was Chief of the Pulmonary Branch at the National Heart, Lung and 
Blood Institute of the NIH, 
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3. During the period I worked at the NIH, from 1975-1982 and 1987- 
1 993 I also held the position of Adjunct Professor in the Department of Genetics at 
George Washington University. 

4. I earned a M.D. degree from the University of Pennsylvania in 
1968, and completed a medical internship at the Massachusetts General Hospital in 1969. 
From 1 969 to 1 970 1 was an Assistant Resident in Medicine at the Massachusetts General 
Hospital, and a Clinical Fellow in Medicine at Harvard University. 

5. I teach genetic medicine, physiology, and cell biology and genetics 
to both medical and graduate students at Weill Medical College at Cornell University. I 
also serve as an attending physician to patients at the New York-Presbyterian Hospital, 
where I treat patients for pulmonary diseases and disorders. 

6. As a practicing physician, I treat patients on a regular basis. Li the 
course of my practice, I have used insulin to treat patients with diabetes on many 
occasions. 1 have firsthand experience with administering insulin and knowledge of the 
difficulties associated with its administration. 

7. I also perform research in pulmonary medicine. My research work 
has included research into the delivery of certain therapeutic agents, including proteins, to 
the lungs as aerosols. I am an author or co-author of greater than seven hundred 
publications describing my research, including research publications in peer reviewed 
scientific journals, and chapters in medical textbooks. 

8. The complete details of my education and professional experience 
are set forth in my Curriculum Vitae, attached as Exhibit 1, a complete list of the 
publications authored or co-authored by me is attached as Exhibit 2, and a listing of other 
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cases in which I have testified as an expert at trial or by deposition within the preceding 
four years is attached as Exhibit 3 . 

9. I am also a named inventor or co-inventor on several patents and 
patent applications. I have participated in the patent application process, and am 
generally familiar with the form that patents take and with the procedures in the U.S. 
Patent and Trademark Office ("PTO"). 

10. I have been retained by Sullivan & Cromwell LLP ("S&C") on 
behalf of the plaintiff Novo Nordisk A/S ("Novo") in the above-captioned lawsuit. I am 
being compensated by S&C for my work in connection with this lawsuit at the rate of 
$500.00 per hour. My compensation is not contingent on any outcome in the lawsuit. 
II. BACKGROUND 

11. I understand that this lawsuit involves U.S Patent Application No. 
09/848,774, entitled "A Method of Treating Diabetes Mellitus in a Pafient" ("the '774 
Application"). I understand that the claims of the '774 Application were rejected by the 
Patent Examiner as obvious under 35 U.S.C. § 103 in light of two prior art references: 
U.S. Letters Patent No. 5,192,548 to Velasquez et al., issued on March 9, 1993 
("Velasquez") and International Patent Publication No. WO 90/07351 to Schenk, et al., 
published on July 12, 1990 ("Schenk"). I understand that Novo appealed the rejection to 
the Board of Patent Appeals and Interferences ("Board"), which in September 2006 
sustained the Examiner's rejection of these claims as obvious over Schenk in view of 
Velasquez in its Decision on Appeal, No. 2006-1762 ("Board Decision"). I also 
understand that in its Decision, the Board listed Velasquez, Schenk, and also Harrison's 
Pnnciples of Internal Medicine, Ch. 337 "Diabetes Mellitus" (Kurt Isselbacher et al. eds.. 
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13th Edition, Vol. 2. 1994) pp. 1986-87 ("Harrison"), as "prior art references of record 
relied upon by the examiner in rejecting the appealed claims." 

12. I have been asked to assume for present purposes that the '774 
Application was filed on May 3, 2001, and claims the priority of an application filed on 
January 29, 1993, now U.S. Patent No. 5,364,838, and therefore that January 29, 1993 is 
the effective date for evaluating the prior art. 

13. I have been asked to review and analyze the Board Decision and to 
render my opinion as to its correctness. This Report sets out my analysis and opinion. 

14. In formulating my opinion, I have considered my professional 
experience and knowledge, as well as the following documents: 

(a) The '774 Patent Application as published, attached as Exhibit 4; 

(b) The pending claims as amended for appeal, attached as Exhibit 5; 

(c) Excerpts from the record of proceedings of the '774 Application in 
the PTO (the "Prosecution History"), including the Board Decision, attached as Exhibit 6; 
Schenk, attached as Exhibit 7; Velasquez, attached as Exhibit 8; and Harrison, attached as 
Exhibit 9. 

III. OVERVIEW OF THE RELEVANT SCIENCE 
A. DIABETES MELLITUS 

1 5. Approximately 7.5 million people in the United States have been 
diagnosed with diabetes mellitus and require insulin therapy. Insulin is a hormone, a 
protein, that promotes the uptake of glucose by body cells, and thereby controls the 
concentration of glucose — a simple type of sugar — in the blood. Diabetes mellitus is 
characterized by persistently high blood glucose levels. This can be caused by an 
inadequate or no insulin production by the specialized cells within the patient's body that 

-4- 
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normally produce insulin. Diabetes mellitus can also be caused by a phenomenon known 
as "insulm resistance," in which the patient's body cells do not respond adequately to the 
insuUn that is produced. Insulin is administered to many of these patients to counteract 
their inadequate production of or response to that hormone. 

16. Insulin exhibits a narrow therapeutic range when compared to most 
other drugs, meaning that the difference between the maximum and minimum amounts of 
insulin that can be safely administered to a given patient are small. If a patient receives 
too little insulin, the patient's blood glucose will not effectively be lowered, which can 
lead to serious short-term effects on a patient's health, as well as long-term effects such 
as cardiovascular disease, circulatory problems, kidney failure, and blindness. On the 
other hand, if a patient receives too much insulin, his or her blood glucose levels may 
become unacceptably low, a condition referred to as hypoglycemia. Hypoglycemia is a 
dangerous condition — it can cause a patient to lapse into a coma, suffer permanent brain 
damage, or die. 

1 7. The critical aspect of insulin administration is the amount of 
insulin that reaches a patient's bloodstream. Because of its narrow therapeutic range, the 
amount of insulin administered and the resultant effect on a patient's blood glucose must 
be carefully controlled and monitored every time a dose of insulin is administered. As a 
physician, I would not administer insulin to a patient in any manner that failed to control 
the dose precisely; in fact, I do not believe that any competent physician would be willing 
to do so. It is critical to control not only the absolute amount of insulin administered to 
the patient, but also the amount of insulin that reaches the patient's bloodstream. 



Case1:06-cv-01896-CKK Document 27-3 Filed 04/02/2008 Page 7 of 175 

1 8 . The difficulties of proper insulin administration are further 
complicated by the fact that a person's blood glucose level varies during the day, which 
m turn affects the amount of insulin a person needs throughout the day. Typically, a 
treating physician will determine an appropriate dosage range for the patient by starting 
the patient at a low dosage and monitoring its effect on the blood sugar. If the blood 
sugar level remains too high after that dose, the physician will increase the dose, and 
continue to adjust the dose. Once the dosage range is established by the physician, the 
patient taking insulin must measure his or her blood glucose level and then adjust the 
dose of insulin according to the physician's instructions, and give himself or herself 
injections in order to lower the blood glucose to an appropriate level. For example, if a 
patient's measured blood glucose level is very high, the patient should administer a high 
amount of insulin, but if the measured blood glucose is only moderately high, a patient 
should administer a lower dose of insulin. Another relevant factor is whether a patient 
anticipates eating a meal; it is not uncommon for a patient to administer a dose of short- 
acting insulin before a meal in order to counteract an expected rise in blood sugar level 
from the meal. The insulin dosage must be adjusted precisely, so that the patient's blood 
glucose level is effectively lowered without causing hypoglycemia. This process of 
adjusting the insulin administered based on measured blood glucose levels is sometimes 
referred to as "titrating" the insulin dose. Titration of insulin cannot be accomplished 
safely unless insulin is administered in a manner that achieves reproducible dosing. 

B. INHALED INSULIN 

19. Insulin has historically been administered by injection, most 
commonly subcutaneously. Because insulin is a protein, it cannot be administered orally 
because it is destroyed by the enzymes in the gastro-intestinal tract. Many patients, 

-6- 
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however, have an aversion to needles and injecting themselves, and find such treatment 
psychologically and physically painful. Consequently, alternative methods for the 
delivery of insulin have been extensively researched. Attempts to develop non-injection 
routes including oral, buccal (inside the cheek), transdermal (through the skin), and nasal 
have been unsuccessful. 

20. Inhaled medications have long been known. Most inhaled 
medicines are meant to remain in the lungs, in order to treat diseases of the lungs. The 
goal of insulin administration by inhalation is different: to deliver the insulin directly 
into the lungs, not for treatment of the lungs, but to use the lungs as a conduit from which 
insulin can be absorbed into the bloodstream. Once absorbed into the bloodstream, the 
inhaled insulin acts to reduce the excessive levels of blood glucose in a patient with 
diabetes. 

2 1 . The possibility of administering insulin by inhalation has been 
known since about 1925, and research has been on-going for decades. However, as of 
January 29, 1993, no one had come up with a means of administering insulin by 
inhalation that was reproducible, safe, practical, efficient, and reliable. 

22. The ability to control the amount of inhaled insulin that reaches a 
patient's bloodstream is complicated by the fact that only a small, potentially variable, 
amount of the insulin inhaled by a patient will ultimately be absorbed into the 
bloodstream. Many factors can affect the absorption of inhaled insulin into the 
bloodstream, including the complex physiology of the lung, the chemical properties of 
the insulin, and the manner in which the insulin is administered. These factors are 
explained in more detail below. 
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23. The lungs are made up of the trachea, bronchi, and bronchioles 
(collectively "the airways"), and approximately 300 million alveoli (the air sacs). Gases 
are exchanged between the bloodstream and the air within the alveoli. Gases are not 
exchanged through the airways, which act as conduits of air to the alveoli. The airways 
divide dichotomously, that is by twos, 23 times before the alveoli. The lung structure can 
be analogized to an up-side-down tree, in which the trachea is the trunk, the bronchi and 
bronchioles are the branches and the alveoli are the leaves. In order to treat diabetes 
mellitus through the inhalation of insulin, the insulin must reach the alveoli in order to be 
absorbed into the bloodstream in a sufficient quantity to be effective. 

24. To be administered by inhalation, insulin must be "aerosolized," 
that is to say, the insulin formulation must be converted into small particles suspended in 
air. The particles can be either droplets, where insulin is dissolved in a liquid, or dry 
particles containing insulin molecules, which can be produced by impacting a dry powder 
insulin formulation with compressed air. The resulting aerosol will have particles that 
vary in size, and contain many millions of insulin molecules. 

25. Only a fraction of the particles in an aerosol suspension are of a 
size that is respirable, i.e., are of a size that, when inhaled, may reach the alveoli. This 
fraction of particles is called the "respirable fraction." Studies have shown that the ideal 
particle size for reaching the alveoli is approximately 0.5 nm - 6 ^im in diameter. 

26. Not all respirable particles, however, are carried to the alveoli. In 
addition to particle size, the flow rate and volume of the inhalation of air and aerosolized 
insulin directly affect where the particles are deposited in the limgs and therefore the 
amount of inhaled insulin that reaches the alveoli. 
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27. Not all insulin particles that are carried to the alveoli are absorbed 
into the bloodstream. Unless the insulin particles impact the alveolar walls they cannot 
be absorbed. If the aerosolized insulin is in the form of a dry powder, when a particle 
comes into contact with the alveolar walls, it dissolves. Once that occurs, whether the 
molecules that formed that particle are absorbed from the alveoli into the bloodstream 
and at what rate this occurs depends on a number of factors, of which the principal ones 
relate to the characteristics of the insulin molecules themselves. 

28. The size ofthe molecules affects their absorption. Generally, large 
proteins do not cross the alveolar structures into the blood, but insulin is a relatively small 
protein. Other factors include the molecules' weight, electrical charge (positive, 
negative, or neutral), solubility in lipids due to surfactants (which affect surface tension 
ofthe alveoli), shape, hydrophilicity {i.e., the molecules' affinity for water), 
hydrophobicity {i.e., the molecules' aversion to water), and pH (relative acidity). The 
half-life ofthe molecules is also a factor. Even small changes in any of these properties 
can profoundly alter the molecules' ability to be absorbed from the alveolar regions ofthe 
lungs into the bloodstream. Furthermore, once the insulin molecules are absorbed into 
the bloodstream, they must be active. 

29. The amount of insulin that needs to be inhaled by the patient to be 
delivered to the bloodsfream in sufficient active quantities is a complex determination. 
The mechanics and physiology of dosing by inhalation differ vastly from the dosing 
involved m the delivery of insulin by injection. Whereas dosing by injection is 
predictable, easily repeatable, and well documented {e.g., in Harrison), with inhaled 
insulin, only a potentially variable fraction ofthe insulin inhaled by a patient will 
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ultimately reach the alveoli, impact the alveolar walls, and be absorbed into the 
bloodstream. The amount absorbed must be within a reproducible, narrow, safe, and 
effective therapeutic range. 

30. Because of the narrow therapeutic range of insulin, it is essential 
that the dosing be predictable and reproducible, otherwise the titration process that I 
described above cannot be effectively implemented. Reproducibility may be 
accomplished by controlling multiple factors, such as the flow rate and volume at which 
the patient inhales the aerosolized suspension of insuHn. The dose and form of the 
insulin being aerosolized are also important factors. (See. e.g., '774 Application, HI 86 - 
111.) 

IV. OVERVIEW OF THE '774 APPLICATION 

31. In contrast to the common practice of administering insulin by 
injection, the '774 Application provides methods for administering insulin to a patient via 
inhalation. These methods achieve consistent, reproducible dosing of the inhaled insulin. 
In particular, the '774 Application takes into consideration all of the principles that I have 
described above, and claims methods whereby dry powder insulin is supplied to an 
inhalation device, aerosolized, and inhaled by the patient, in a way that allows the patient 
to absorb a controlled dose of insulin into his or her bloodstream. A copy of what I 
understand to be the pending claims is attached as Exhibit 5. 

V. THE BOARD DECISION 

32. I understand that Novo appealed the Examiner's rejection of 
claims 22, 23, 25, 26, 31, and 35 of the '774 Application to the Board, and that the Board 
Decision sustamed the rejection of these claims on the ground that the claimed inventions 
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would have been obvious to a person of ordinary skill in the art in light of Schenk and 
Velasquez. 

33. It is my opinion that, as of 1993, a person of ordinary skill in the 
art would have been one who had either an M.D. or a Ph.D. in a related field, and several 
years of experience in pharmaceutical aerosols, lung physiology, and pulmonary drug 
delivery or the equivalent training and experience. 

A. REFERENCES RELIED UPON BY THE BOARD 

34. I have examined Schenk, Velasquez, and Harrison. 

3 5 . Schenk describes oral inhalers which are used for inhaling 
powdered or particulate medical product into the bronchi, to treat diseases of the lungs 
such as asthma. The devices operate essentially by supplying a product reservoir with 
powdered medicine, which medicine is drawn into a gas flow passage containing a throat 
(or restriction) through which air is propelled at a high velocity by a pressure gas source. 
The medical product is thereby aerosolized and flows into a mouthpiece for inhalation by 
the patient. 

36. Schenk explains that the devices he describes are designed to 
deliver medication to the bronchial tubes of the lungs, for treatment of conditions of the 
lungs. (Schenk, p. 1, 11. 4-7.) They are not designed to deliver medication to the alveoli 
to provide systemic treatment. 

37. Velasquez describes a sheet material with discrete depressions that 
are filled with powdered medicine, referred to in Velasquez as "medicament." Velasquez 
says this is a "convenient medicament-carrying substrate which allows for aerosolization 
of the medicament in a relatively deagglomerated state so that such may be administered 
by inhalation." (Col. 2, 11. 21-25.) Velasquez lists insulin as one of some fifty drugs 
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given as examples of medicaments that may be stored in the sheet material of his 
invention. Yet all of the drugs Velasquez identifies, except insulin, are simpler and much 
smaller molecules than insulin, and none except insulin is a protein. Becaixse of the great 
differences between insulin and the other listed drugs, and the different properties of their 
molecules, one of ordinary skill would not expect that the Velasquez sheet material could 
reproducibiy deliver sufficient amounts of insulin to treat diabetes. 

38. Harrison discusses the treatment regimes for insulin by 
conventional injection, multiple subcutaneous injections, and continuous subcutaneous 
infiision. Harrison does not teach anything about the use of inhaled insulin to treat 
diabetes. 

B. ERRORS IN THE BOARD DECISION 

39. The Board concluded that, by using dry insulin powder, as 
suggested in Velasquez, with a standard asthma drug inhaler, like those in Schenk, and by 
consulting Harrison, that the claims of the '774 Application would have been obvious to 
one of skill in the art. It is my opinion that this conclusion is incorrect; the Board 
Decision greatly oversimplifies the very complex science of the steps in getting dry 
insulin powder into a patient's bloodstream in a controlled, safe, and reproducible 
therapeutic dose. 

1. SCIENTIFIC ERRORS 

40. I identify below two scientific errors made by the Board. I then 
address how these errors resulted in the Board's erroneous conclusions that: (i) 
Velasquez taught the claim limitation "the aerosolized suspension contains an amount of 
insulin that is 2 -10 times higher than the amount needed to be absorbed into the 
bloodstream of the patienf ("the 2-10 limitation" (see, e.g., claims 22 and 35)); (ii) that 
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Schenk and Velasquez teach how to control the amount of insulin delivered; (iii) that 
Schenk renders the claim of repetition obvious because its use is inherently repeatable; 
and (iv) that the 2-10 limitation and the limitations of lowering and controlling glucose 
levels can be determined by routine experimentation. 

41 . The first scientific error is found on page 4 of the Board Decision. 
The Board declared that "medicament that is inhaled is absorbed into the blood stream by 
the lungs." This statement is incorrect. As explained above, whether, and how much, 
insulin inhaled is reproducibly absorbed into the bloodstream depends on multiple, 
complex factors. The Board's statement incorrecdy assumes that all medicament of all 
kinds that is inhaled is absorbed into the bloodstream. 

42. The Board also misunderstood — and misstated — ^both the 
definition and the significance of the term "respirable fi-action." Velasquez defines 
respirable fraction as "the percentage of drug which is in particles of aerodynamic 
diameter of equal to or less than about 6.4 ^m." (Col. 5, 11. 11-13.) As I stated above, the 
term "respirable fraction," as generally understood by persons of ordinary skill in the art, 
is the percentage of aerosolized particles that are of respirable size, i.e., that are of a size 
that, when inhaled, may reach the alveoli. Note that "respirable firaction" is different 
from the concept of the fraction of medicants that reach the alveoli that may be absorbed. 

43. The Board Decision did not refer to Velasquez's definition of 
"respirable fraction" — although it used the term in the context of its discussion of 
Velasquez. Nor did it use the definition used by those of ordinary skill in the art. 
Instead, the Board defined "respirable fraction" in its Decision, on page 4, as "[t]he 
fraction that will be absorbed relative to the total amount inhaled." (Emphasis added.) 
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The Board then compounded its error by asserting that its definition "is referred to in the 
art as the 'respirable fraction.'" 

44. The Board thereby confused the percentage of inhaled insuHn 
particles that may reach the alveoH with the percentage of inhaled insulin that is absorbed 
into the bloodstream. These concepts are entirely different. 

2. ERRONEOUS CONCLUSIONS 

45. Based on these two scientific errors, the Board made the following 
four erroneous conclusions. 

46. The Board's first erroneous conclusion was its statement that 

Velasquez taught the 2-10 limitation. Velasquez does not suggest the '774 Application's 

claimed range of "2-10 times higher than the amount [of insulin] needed to be absorbed 

in the bloodstream" at all. After defining "respirable firaction," Velasquez describes the 

change in the respirable fraction produced by varying the depth of the depressions in his 

sheet material. According to Velasquez, 

[t]he percentage of medicament retained on the sheet 
material . . . decreases as depression depth increases, this 
being about 95% at 14 |im, about 60% at 28 |j.m and about 
35% at 45jj.m. Further, the respirable fraction . . . similarly 
decreases as depression depth increases, this being about 
65% at 14 nm, about 30% at 28 |am and about 10% at 37 
Hm. These two trends result in the proportion of total 
medicament released in particles of respirable size 
remaining generally similar for the depression depths 
studied (this being about 5% to 15% of total medicament). 

Col. 5, 11. 7-19 (emphasis added). One of skill in the art is taught by Velasquez that the 

respirable fraction generated by Velasquez's sheet material will vary based on varying 

substrate depression depths. 
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47. The Board misinterpreted Velasquez's teaching that respirable 
fractions ranging from 65% to 10% can be obtained by increasing the depth of the sheet 
depressions from 14 fim to 37 |j,m. Based on its erroneous view that all medicament of a 
respirable size that is produced in an inhaler ends up in the bloodstream, it arbitrarily 
decided that the inverse of the Velasquez percentages — which it calculated as "a range of 
1 .54 to 10 times the amount needed to be absorbed" — represented the amount of a 
medicament that should be placed in an inhaler to treat diabetes. The Board incorrectly 
declared that this range could be meaningfully compared to the claimed 2-10 range. 

48. The ranges of respirable fractions described in Velasquez do not 
prescribe an "amount" of medicament to be used to freat a patient, in part because the 
percentage has no predictable relationship to the amount to be absorbed in the 
bloodstream. 

49. The supposed overlap of the 1 .54 to 1 times range that the Board 
purported to derive from Velasquez and the 2 to 10 range claimed in the '774 Application 
is not correlative. A person of ordinary skill in the art would not read Velasquez as the 
Board did. 

50. The Board's second erroneous conclusion was the statement, on 
page 5, that Schenk and Velasquez "describe structural devices to precisely control the 
amount of a medicament delivered." Schenk may control the amount of a powder that is 
aerosolized, but that is the extent of its control. Velasquez describes how much 
medicament should be put into the subject material, and describes how much of it will be 
of respirable size, depending on the depth of the depressions in the sheet material, but 
that is the extent of its control. While Schenk and Velasquez may allow one of ordinary 
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skill in the art to control the amount of insulin that is coming out of a device, they do not 
control in any way the amount of insulin that is inhaled by the patient and, in particular, 
do not control the amount inhaled that reaches the alveoli or will actually be absorbed 
into the bloodstream. 

51. In its discussion of whether the element of controlling the dosage 
is taught by Schenk and Velasquez, on page 5, the Board makes the statement that the 
"precise amount is not critical to the invention." The amounts administered to each 
patient for absorption are absolutely critical, as I explained above. The range of the 
amount of insulin needed over the population of diabetes patients is broad. The amount 
needed can vary greatly from one patient to another, and also varies for the same patient 
at different times. Nevertheless, all diabetes patients require precisely controlled, 
reproducible, safe, and effective dosing. 

52. The Board's third erroneous conclusion states, on page 5, that 
"S[c]henk's inhaler is inherently repeatable in operation," rendering the '774 
Application's limitation of repeatability obvious. This statement is incorrect, because 
many factors influence whether a reproducible dose is administered to the bloodstream by 
insulin inhalation, even if the same amount of insulin is aerosolized in a device in the 
same manner each time. These factors include, among others, the flow rate and volume 
with which a patient would inhale each dose of insulin, the speed of the inhalation, the 
particle size, the concentration of the drug in the carrier, and the point in the respiration 
cycle where the patient initiates inhalation. See, e.g., '11 A Application, ^ 86 - 1 11 . 
These factors could differ widely with a device such as those in Schenk. Such 
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differences would result in a wide and unpredictable range of insulin that would reach the 
bloodstream. 

53. The Board's fourth erroneous conclusion is the implicit 
conclusion, on page 5, that the inventions claimed in the '774 Application could be 
realized with "routine experimentation." This conclusion is reflected in two places. 
First, the Board rejected Novo's argument on appeal that the Examiner, in his Final 
Office Action, had improperly rejected as "obvious to try" the 2-10 limitation as being 
determinable by routine experimentation. Second, in rejecting as obvious the claim 
limitations of lowering of glucose levels to an acceptable level and controlling glucose 
levels, the Board stated in a conclusory manner that "a person of ordinary skill in the art 
would monitor the patient's vital statistics to achieve the desired result," which implies 
that the dosage could be titrated using inhaled insulin. 

54. The reason that a person of ordinary skill could not experiment 
with the insulin powder, suggested in Velasquez and used in conjunction with the inhaler 
taught in Schenk, to determine the claimed "2-10" range, or to lower or control glucose 
levels, is that there is no "administration protocol" for administering inhaled insulin. 

e administration of^ injectable insulin is well known, and the effective and safe 
s of injectable insulin can be arrived at by titration using various techniques, as 
described in Harrison. But injectable dosing as taught in Harrison has no relevance to, 
and cannot be applied to, inhalable insulin. It is therefore my opinion that a person of 
ordinary skill in the art, with the information available in Schenk, Velasquez, and 
Harrison could not have arrived at the claimed 2-10 limitation, or have been able to 
safely, effectively, and reproducibly lower or control glucose levels to treat diabetes 
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mellitus in a patient. Moreover, given the narrow therapeutic range within which insuHn 
must be administered, such experimentation would be unethical and dangerous. 

55. It is my opinion, as a person of skill in the art, that the Board 
clearly erred in concluding that the claims in the '774 Application would have been 
obvious to one of skill in the art in view of Schenk and Velasquez, and considering 
Harrison. 



I declare under penalty of perjury that the foregoing statements are true 
and correct. 

Executed in New York, New York on January 7, 2008. 



Ii3^ 



Ronald G. Crystal, W.D. 
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! George W. Householder, EI, Memorial Prize for Cardiovascular Research, University 

of Pennsylvania 

> Pennsylvania Heart Association on Undergraduate Research Prize, University of 
Pennsylvania 

> Dr. I.S. Ravdin Surgery Prize, University of Pennsylvania 

1983 Robert A. Cooke Medal, American Academy of Allergy and Immunology 

1983 Public Health Service Commendation Medal 

1985 Howard Lilienthal Memorial Lecturer, New York State Chapter, American College of 

Chest Physicians 
1985 Louis Mark Memorial Lecturer, American College of Chest Physicians, Annual 

Meeting 
1985 Irving Kass Medal, Department of Medicine, University of Nebraska 

) H.B. Elliot Memorial Lecturer, Springfield Hospital, Springfield, Ohio 

1987 Leo V. Brereton Memorial Lecturer, Robert Wood Johnson Medical School 

1987 Sam Stein Memorial Lecturer, Long Island Jewish Hospital, Long Island, New York 

> Faculty Society Visiting Professor, Harbor-UCLA Medical Center 
! Special Lecturer, 16th Hakone Symposium on Respiration, Hakone, Japan 

> Public Health Service Outstanding Service Medal 
! John Hickam Memorial Lecturer, Central Society for Clinical Research 
! Clinician Investigator Lecturer, Mayo Graduate School of Medicine 
' Aaron Feder Visiting Professor, Department of Medicine, CorneU University Medical 

College, New York Hospital 
' Third Annual Kyger Visiting Professor, Department of Medicine, University of 

Pennsylvania 
' Clara Falk Franks Lecturer, Deborah Heart and Lung Center 

1990 Distinguished Lecturer in Medical Sciences, University of North Carolina 

1990 14th Annual I. Jerome Fiance Visiting Professor of Medicine, Washington University 

1990 John N. Edson Lectureship in Medicine, Long Island College Hospital 

1991 Public Health Service Meritorious Service Award 

1991 Theodore L. Badger Visiting Lectureship, Harvard Medical School 

1992 14th Annual James F. Hammaraten Lecturer, Department of Medicine, University of 
Oklahoma 

1992 President's Lecture, American Thoracic Society Annual meeting 

1992 Annual Stephanie Lynn Kossoff Memorial Lecturer, Department of Pediatrics at the 
College of Physicians and Surgeons, Columbia University 

1 993 Honors Program Lecturer, New York University School of Medicine 

1993 Alpha Omega Alpha Annual Honor Lecturer, Cornell University Medical College 

1993 Martin E. Rehfuss Lecturer, Thomas Jefferson University 

1994 Annual Higgins Memorial Lecturer, Medical College of Virginia 

1994 Annual Samuel Frumkin Lecturer, Norwalk Hospital- Yale University School of 

Medicine 
1994 The Gordon Wilson Lecturer, 107th Meeting of the American Clinical and 

Climatological Association, Ponte Vedra, FL 
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Honors (Cont) 

995 25th Annual Schueler Distinguished Lecturer in Pharmacology, Tulane University 

Medical Center 
995 The Jack Pepys Lecturer, Joint Meeting of the World Association of Sarcoidosis and 

Other Granulomatous Diseases and the British Society for Allergy and Clinical 

hnmunology, London, England 

995 The Lewis Mark Honor Lecturer, Annual Meeting of the American College of Chest 
Physicians, New York, NY 

996 Honoree, Circle for Life, Cystic Fibrosis Foundation, Connecticut Chapter, 
Greenwich, CT 

996 Lecturer, Royal College of Physicians and Surgeons of Canada, Eighth Annual 
Respiratory Conference, Halifax, Nova Scotia 

997 Trudeau Lecturer, New York State Thoracic Society Annual Scientific Meeting, 
West Point, NY 

997 Chancellor's Lecturer, Duke University Medical Center 

997 Maurice C. Pincoffs Honorary Lecture, University of Maryland 

998 Martin V. Bonventre Memorial Lecture, The Brooklyn Hospital Center, Brooklyn, 
NY 

998 Cornell University - Ithaca Undergraduate Research Forum, Ithaca, NY 

999 Benjamin Felson Memorial Lecturer, Society of Thoracic Radiology Annual Meeting, 
Amelia Island, FL 

999 Hamilton Southwestern Memorial Lecturer in Cardiology, Department of Medicine, 

College of Physicians and Surgeons of Columbia University 
999 Samuel Epstein Lecturer in Cardiovascular Diseases at Coney Island Hospital, NY, 

NY 
999 Eagleson Memorial Lecturer, American Biological Safety Association Annual 

Meeting, St. Louis, MO 
2000 Wasserman Visiting Professor, University of California, Harbor General Hospital, 

Los Angeles, Torrance, CA 
2000 Penelope Wilkes Memorial Lecturer, Sound Shore Medical Center, New Rochelle, 

NY 
2000 Julius Stone Lectureship, Society for Investigative Dermatology, Cleveland, OH 

2000 Ruth Gray/Millennium Visiting Professor, Evanston Hospital, Evanston, IL 

2000 Keynote Speaker, 7"' Annual Student Research Conference, Graduate Student 

Association, University of Medicine and Dentistry of New Jersey, Graduate School of 

Biomedical Sciences, Newark, NJ 

2000 13* Annual William D. Dolan Lecture, Arlington Hospital, Arlington, VA 

200 1 Honorary Fellow of the American College of Chest Physicians, and Honorary FeUow 
Honor Lecturer, American College of Chest Physicians, 67* Annual International 
Scientific Assembly, November 4-8, 2001, Philadelphia, PA 

2003 The Gordon Wilson Lecturer, 1 16th Meeting of the American Clinical and 
Climatological Association, San Diego, CA 

2004 Annual Zukowski Family Lecture, Human Medical Genetics Program, University of 
Colorado, Denver, CO 
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Honors (Cont) 

2004 George F. Heinrich Lectureship, New York Hospital-Queens, New York, NY 

2004 Sidney Kimmel Cancer Center Medical Service Honoree, San Diego, CA 

2005 Honorary Fellow of the Royal College of Physicians of Ireland 

2006 Liaugural Lecture, 7"" National Conference of the Italian Union for Pneumology (UIP) 
Florence, Italy 

2007 Keynote Lecture, 47th Annual Meeting of the Japanese Respiratory Society, Tokyo, 
Japan 

Editorial Boards 

1977-83 Editorial Board, Journal of Applied Physiology: Respiratory, Environmental and 
Exercise Physiology 

979-84 Editorial Board, Journal of Clinical Investigation 

979-88 Editorial Board, Experimental Lung Research 

980-88 Associate Editor, Collagen and Related Research 

981-85 Consulting Editor, American Journal of Medicine 

982-85 Editorial Board, American Review of Respiratory Disease 

983-86 International Advisory Board, Asian Pacific Journal of Allergy and Immunology 

984-88 Editorial Board, Journal of Clinical Immunology 

987-90 Editorial Board, American Review of Respiratory Disease 

987-95 Reviewing Editor, In Vitro Cellular and Developmental Biology 

988-89 Editorial Board, Rivista della Tubercolosi e delle Malattie dellApparato Respiratorio 

990-93 Editorial Board, Annual Review of Medicine 

991-93 International Advisory Board, The Lancet 

994-96 Editorial Board, The American Journal of Physiology: Lung Cellular and Molecular 
Physiology 

994-03 Editorial Board, Gene Therapy 

995-02 Editorial Board, International Journal of Biochemistry and Cell Biology 

996- Editorial Board, Human Gene Therapy 

996-02 Editorial Board, Clinical Cancer Research 

999- Editorial Board, Transplantation 

999- Editorial Board, Molecular Therapy 

999- Editorial Board, Cancer Gene Therapy 

2000- Editorial Board, Current Controlled Trials in Cardiovascular Medicine 

2003-05 Associate Editor, Molecular Therapy 

2004- Editorial Board, Current Gene Therapy 

2007- Editorial Board, Clinical and Translational Science 

Other 

1979-83 Member, Visiting Committee, Medical Department, Brookhaven National Laboratory 
1982-83 Chairman, Visiting Committee, Medical Department, Brookhaven National 
Laboratory 
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Other (Cont) 

1982-85 Councilor of the American Society for Clinical Investigation 

1982-88 Member, International Committee on Sarcoidosis 

1983 Co-chairman, Gordon Conference, Structural Macromolecules, Collagen, Plymouth, 

New Hampshire 
1985-90 Member, Scientific Advisory Committee, Children's Hospital, Boston, Massachusetts 
1986 Co-chairman, Conference on Basic Mechanisms of Mesenchjmial Cell Growth, 

Bethesda, Maryland 
1988- Chairman, National Heart, Lung, and Blood Institute Steering Committee for Alpha 

1 -Antitrypsin Deficiency Nationwide Registry 
1988 Co-chairman, Conference on Genetic Basis of Human Disease: Molecular 

Mechanisms and Strategies for Therapy, Bethesda, Maryland 
1989-92 American Thoracic Society/American Lung Association Scientific Advisory 

Committee 
1991 Co-chairman, Conference on Molecular and Cellular Biology of Cystic Fibrosis: 

Basic Concepts and Strategies for New Therapies, Bethesda, Maryland 
1991 -92 American Thoracic Society Board of Directors 
1991 -92 American Lung Association Council 

1993-04 Founder and Chairman, Scientific Advisory Board, GenVec, Inc, Rockville, MD 
1994-97 Co-chairman, Cystic Fibrosis Foundation Gene Therapy Conference, Williamsburg, 

Virginia 
1995 Co-chairman, Annual North American Cystic Fibrosis Conference 

1996-98 Member, Scientific Advisory Board, Fibrogen, Inc., Palo Alto, CA 
1996-98 Member, Scientific Review Board, National Gene Vector Laboratory, National 

Institutes of Health, Bethesda, Maryland 

1997- Member, Neuroscience Scientific Advisory Board, Astra-Merck, Wayne, PA 
1998-00 Member, Advisory Board, Mehta and Associates, New York, NY 

1998- Program Committee, American Society of Gene Therapy, Annual Meeting 

1 999-0 1 Board of Scientific and Editorial Advisors, NOVA Public Broadcasting System (PBS) 

program on the Human Genome Project 
2002-06 Member, Board of Extramural Advisors, National Heart, Lung, and Blood Institute, 

Bethesda, Maryland 
2007- Member, Board of External Experts, National Health, Lung and Blood Institute 

Bethesda, Maryland 
2007- Chairman, Infectious Disease Committee, American Society of Gene Therapy 
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PUBLICATIONS 

1 . Crystal RG. Recoilless resonance absorption and scattering of gamma rays in Fe57. Honors 
Thesis, Tufts University, Medford, Mass., 1962. 

2. Crystal RG, Baue AE. Kinetics of monovalent and divalent anion distribution in hemor- 
rhagic hypotension and hypoxia. Ann Surg 1969; 1970: 720-730. 

3. Crystal RG, Baue AE. Influence of hemorrhagic hypotension of measurements of the 
extracellular fluid volume. Surg Gynecol Obstet 1969; 129: 576-582. 

4. Crystal RG, Rose LI, Jagger P, Lauler DP. Cushing's syndrome due to a metopirone respon- 
sive adrenocortical adenoma. J Clin Endocrinol Metab 1970; 31: 199-203. 

5. Crystal RG, Baue AE. Effects of nephrectomy and ureteral occlusion on extracellular fluid 
measurement during shock. Surg Gynecol Obstet 1970; 131: 1 109-1 1 14. 

6. Crystal RG, Kastor JA, DeSanctis RW. Inhibition of discharge of an external demand pace- 
maker by an electric razor. Am J Cardiol 1971; 27: 695-697. 

7. Crystal RG, Shafritz DA, Prichard PM, Anderson WF. Initial dipeptide formation in hemo- 
globin biosynthesis. Proc Natl Acad Sci 1971; 68: 1810-1814. 

8. Shafritz DA, Laycock DG, Crystal RG, Anderson WF. Requirement for GTP in the initia- 
tion process reticulocyte ribosomes and ribosomal subunits. Proc Natl Acad Sci 1971; 68: 
2246-2251. 

9. Crystal RG, Anderson WF. Initiation of hemoglobin synthesis: comparison of model reac- 
tions that use artificial templates with those using natural messenger RNA. Proc Natl Acad 
Sci 1972; 69: 706-711. 

10. Crystal RG, Nienhuis AW, Prichard PM, Picciano D, Elson NA, Merrick WC, Graf H, 
Shafritz DA, Laycock DG, Last JA, Anderson WF. Initiation of globin synthesis. FEBS 
Letters 1972; 24: 310-314. 

1 1 . Crystal RG, Nienhuis AW, Elson NA, Anderson WF. Initiation of globin synthesis. Prep- 
aration and use of reticulocyte ribosomes retaining initiation region messenger ribonucleic 
acid fragments. J Biol Chem 1972; 247: 5357-5368. 

12. Picciano DV, Prichard PM, Merrick WC, Shafritz DA, Graf H, Crystal RG, Anderson WF. 
Isolation of protein synthesis initiation factors from rabbit liver. J Biol Chem 1973; 248: 
204-214. 

13. Crystal RG, Elson NA, Nienhuis AW, Thornton AC, Anderson WF. Initiation of globin 
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-2- 
synthesis in p -thalassemia. N Engl J Med 1973; 288: 1091-1096. 

4. Elson NA, Crystal RG, Anderson WF. Paper elctrophoresis and chromatography of olgo- 
peptides with N-terminal methionine. Analyt Biochem 1973; 54: 161-169. 

5. Crystal RG, Elson NA, Anderson WF. Initiation of globin synthesis: assays. In: Moldave K, 
Grossman L, eds.. Methods of Enzymology: Nucleic Acids and Protein Synthesis, Vol 30, 
New York: Academic Press 1974: 101-127. 

6. Bradley KH, McConnell SD, Crystal RG. Lung collagen composition and synthesis: char- 
acterization and changes with age. J Biol Chem 1974; 249: 2674-2683. 

7. Bradley K, McConnell-Breul S, Crystal RG. Lung collagen heterogeneity. Proc Natl Acad 
Sci 1974; 71: 2828-2832. 

8. Crystal RG. Lung collagen: definition, diversity and development. Fed Proc 1974; 33: 

2248-2255. 

9. Crystal RG, Bradley KH, McConnell-Breul S, Collins JF, Hance AJ, Cowan MJ. Collagen 
in the lung: development of a technology applicable to human lung disease. Chest 1975; 67: 
30S-31S. 

20. Bradley K, McConnell-Breul S, Crystal RG. Collagen in the human lung: quantitation of 
rates of synthesis and partial characterization of composition. J Clin Invest 1975; 55: 543- 
550. 

21 . Cowan MJ, Crystal RG. Lung growth after unilateral pneumonectomy: quantitation of col- 
lagen synthesis and content. Am Rev Respir Dis 1975; 1 1 1:267-277. 

22. Collins FJ, Crystal RG. Characterization of cell-free synthesis of collagen by lung poly- 
somes in a heterologous system. J Biol Chem 1975; 250: 7332-7342. 

23. Horwitz AL, Crystal RG. Content and synthesis of glycosaminoglycans in the developing 
lung. JClinhivestl975;56: 1312-1318. 

24. Hance AJ, Crystal RG. The connective tissue of lung. Am Rev Resp Dis 1975; 1 12: 657- 
711. 

25. Hance AJ, Bradley K, Crystal RG. Lung collagen heterogeneity: synthesis of type I and type 
in collagen by rabbit and human lung cells in culture. J Clin Invest 1976; 57: 102-1 1 1. 

26. Fulmer JD, Roberts WC, Crystal RG. Diffuse fibrotic lung disease: a correlative study. 
Chest 1976 69: 263S-265S. 
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27. Hance AJ, Horwitz AL, Cowan MJ, Elson NA, Collins JF, Bienkowski RS, Bradley KH, 
McConnell-Breul S, Wagner WM, Crystal RG. Biochemical approaches to the investiga- 
tion of fibrotic lung disease. Chest 1976; 69: 257-261. 

28. Cowan MJ, Collins JF, Crystal RG. Collagen and lung growth: a prototype of connective 
tissue differentiation. In: Last J, ed., Eukaryotes at the Subcellular Level: Development and 
Differentiation. New York: M Dekker, 1976: 257-313. 

29. Horwitz AL, Crystal RG. CoUagenase from rabbit pulmonary alveolar macrophages. 
Biochem Biophys Res Comm 1976; 69: 296-303. 

30. Collins JF, Crystal RG. Protein synthesis. In: Crystal RG, ed.. The Biochemical Basis of 
Pulmonary Function. New York: M Dekker, 1976: 171-211. 

31. Hance AJ, Crystal RG. Collagen. In: Crystal RG, ed.. The Biochemical Basis of Pulmonary 
Function. New York: M Dekker, 1976: 215-271. 

32. Horwitz AL, Elson NA, Crystal RG. Proteoglycans and Elastin. In: Crystal RG, ed.. The 
Biochemical Basis of Pulmonary Function. New York: M Dekker, 1976: 273-31 1. 

33. Fulmer JD, Crystal RG. The biochemical basis of pulmonary function. In: Crystal RG, ed.. 
The Biochemical Basis of Pulmonary Function. New York: M Dekker, 1976: 419-466. 

34. Crystal RG. Biochemical processes in the normal lung. In: Bouhuys A, ed.. Lung Cells in 
Disease. Amsterdam: Elsevier-North Holland, 1976: 17-38. 

35. Kravis TC, Ahmed A, Brown TE, Fulmer JD, Crystal RG. Pathogenic mechanisms in pul- 
monary fibrosis: collagen-induced migration inhibition factor production and cytotoxicity 
mediated by lymphocytes. J Clin Invest 1976; 58: 1223-1232. 

36. Crystal RG, Fulmer JD, Roberts WC, Moss ML, Line BR, Reynolds HY. Idiopathic pulmo- 
nary fibrosis: clinical, histologic, radiographic, physiologic, scintigraphic, cytologic, and 
biochemical aspects. Ann Intern Med 1976; 85: 769-788. 

37. Horwitz AL, Kelman JA, Crystal RG. Activation of alveolar macrophage coUagenase by a 
neutral protease secreted by the same cell. Nature 1976; 264: 772-774. 

38. Reynolds HY, Fulmer JD, Kazmierowski JA, Roberts WC, Frank MM, Crystal RG. Analy- 
sis of bronchoalveolar lavage fluid from patients with idiopathic pulmonary fibrosis and 
chronic hypersensitivity pneumonitis. J Clin Invest 1977; 59: 165-175. 

39. Langston C, Sachdeva P, Cowan MJ, Haines J, Crystal RG, Thurlbeck WM. Alveolar mul- 
tiplication in the contralateral lung after unilateral pneumonectomy in the rabbit. Am Rev 
RespirDis 1977; 115: 7-13. 
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40. Horwitz AL, Hance AJ, Crystal RG. Granulocj^e coUagenase: selective digestion of type I 
relative to type m collagen. Proc Natl Acad Sci 1977; 74: 897-901. 

41. Hance AJ, Crystal RG. Rigid control of the synthesis of collagen types I and III by cells in 
culture. Nature 1977; 268: 152-154. 

42. Fulmer JD, Roberts WC, Von Gal ER, Crystal RG. Small airways in idiopathic pulmonary 
fibrosis: comparison of morphologic and physiologic observations. J Clin Invest 1977; 60: 
595-610. 

43. Elson NA, Crystal RG. Cellular approaches to the study of environmental pollutants. In: 
Lee SD, ed., Biochemical Effects of Environmental Pollutants. Ann Arbor: Ann Arbor Sci 

1977: 7-25. 

44. Baum BJ, McDonald JA, Crystal RG. Metabolic fate of major cell surface protein of nor- 
mal human fibroblasts. Biochem Biophys Res Comm 1977; 79: 8-15. 

45. Weinberger SE, Crystal RG. Reactions of the interstitial space to injury. In: Fishman AP, 
ed., Pulmonary Diseases. New York: McGraw-Hill 1979: 640-647. 

46. Bienkowski RS, Cowan MJ, McDonald JA, Crystal RG. Degradation of newly synthesized 
collagen. J Biol Chem 1978; 253: 4356-4363. 

47. Kawanami O, Ferrans VJ, Roberts WC, Crystal RG, Fulmer JD. Anchoring fibrils: a new 
connective tissue structure in fibrotic lung disease. Am J Pathol 1978; 92: 389-410. 

48. Baum BJ, Moss J, Breul SD, Crystal RG. Association of normal human fibroblasts of ele- 
vated levels of adenosine 3': 5 '-monophosphate with a selective decrease in collagen pro- 
duction. J Biol Chem 1978; 253: 3391-3394. 

49. Fulmer JD, Crystal RG. Interstitial lung disease. In: Simmons DH, ed.. Current 
Pulmonology, Vol 1, Boston: Houghton Mifflin, 1979; 1-65. 

50. Crystal RG, Fulmer JD, Baum BJ, Bernardo J, Bradley KH, Breul SD, Elson NA, Fells GA, 
Ferrans VJ, Gadek JE, Hunninghake GW, Kawanami O, Kelman JA, Line BR, McDonald 
JA, McLees BD, Roberts WC, Rosenberg DM, Tolstoshev P, Von Gal E, Weinberger SE. 
CeUs, collagen and idiopathic pulmonary fibrosis. Lung 1978; 155: 199-224. 

5 1 . Line BR, Fulmer JD, Reynolds HY, Roberts WC, Jones AE, Harris EK, Crystal RG. 
Gallium-67 citrate scanning in the staging of idiopathic pulmonary fibrosis: correlation 
with physiologic and morphologic features and bronchoalveolar lavage. Am Rev Respir Dis 
1978;118:355-365. 

52. Fulmer JD, Sposovska MS, Von Gal ER, Crystal RG, Mittal KK. Distribution of HLA anti- 
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gens in idiopathic pulmonary fibrosis. Am Rev Respir Dis 1978; 118: 141-147. 

53. Weinberger SE, Kelman JA, Elson NA, Young RC Jr., Reynolds HY, Fulmer JD, Crystal 
RG. Bronchoalveolar lavage in interstitial lung disease. Ann Intern Med 1978; 89: 459-466. 

54. Bienkowski RS, Baum BJ, Crystal RG. Fibroblasts degrade newly synthesized coUagen 
within the cell before secretion. Nature 1978; 276: 413-416. 

55. Kawanami O, Ferrans VJ, Fulmer JD, Crystal RG. Nuclear inclusions in alveolar epithe- 
lium of patients with fibrotic lung disorders. Am J Pathol 1979; 94: 301-322. 

56. Gadek JE, Kelman JA, Fells GA, Weinberger SE, Horwitz AL, Reynolds HY, Fulmer JD, 
Crystal RG. CoUagenase in the lower respiratory tract of patients with idiopathic pulmonary 
fibrosis. N Engl J Med 1979; 301; 737-742. 

57. Hunninghake GW, Fulmer JD, Young RC, Gadek JE, Crystal RG. Localization of the im- 
mune response in sarcoidosis. Am Rev Respir Dis 1979; 120: 49-57. 

58. McDonald JA, Baum BJ, Rosenberg DM, Kelman JA, Brin SC, Crystal RG. Destruction of 
a major extracellular adhesive glycoprotein (fibronectin) of human fibroblasts by neutral 
proteases from polymorphonuclear leukocyte granules. Lab Livest 1979; 40: 350-357. 

59. Kawanami O, Ferrans VJ, Fulmer JD, Crystal RG. Ultrastructure of pulmonary mast cells 
inpatients with fibrotic lung disorders. Lab Invest 1979; 40: 717-734. 

60. Szapiel SV, Elson NA, Fulmer JD, Hunninghake GW, Crystal RG. Bleomycin-induced 
interstitial pulmonary disease in the nude, athymic mouse. Am Rev Respir Dis 1979; 120: 
893-899. 

61. Fulmer JD, Roberts WC, Von Gal ER, Crystal RG. Morphologic-physiologic correlates of 
the severity of fibrosis and degree of cellularity in idiopathic pulmonary fibrosis. J Clin 
Invest 1979; 63: 665-676. 

62. Gadek JE, Hunninghake GW, Zimmerman RL, Crystal RG. Regulation of the release of 
alveolar macrophage-derived neutrophil chemotactic factor. Am Rev Respir Dis 1980; 121: 

723-733. 

63. Tolstoshev P, Haber R, Crystal RG. Procollagen a2 mRNA is significantly different from 
procollagen al mRNA in size or secondary structure. Biochem Biophys Res Comm 1979; 
87: 818-826. 

64. Hunninghake GW, Gadek JE, Fales HM, Crystal RG. Human alveolar macrophage-derived 
chemotactic factor for neutrophils: stimuli and partial characterization. J Clin Invest 1980; 
66: 473-483. 
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65. Fulmer JD, Bienkowski RS, Cowan MJ, Breul SD, Bradley KM, Ferrans VJ, Roberts WC, 
Crystal RG. Collagen concentration and rates of synthesis in idiopathic pulmonary fibrosis. 
Am Rev Respir Dis 1980; 122: 289-301. 

66. Hunninghake GW, Fulmer JD, Young RC, Crystal RG. Comparison of lung and peripheral 
blood lymphocyte subpopulations in pulmonary sarcoidosis. In: Williams WG, Davis BH, 
eds.. Proceedings of the 8* Liternational Conference on Sarcoidosis and Other 
Granulomatous Diseases. London: Alpha Omega Pubhshing, Lmt. 1980: 426-435. 

67. Kawanami O, Ferrans VJ, Crystal RG. Anchoring fibrils in normal canine respiratory sys- 
tem. Am Rev Respir Dis 1979; 120: 595-611. 

68. Steinmann BU, Martin GR, Baum BJ, Crystal RG. Synthesis and degradation of collagen 
by skin fibroblasts from patients with osteogenesis imperfecta. FEBS Lett 1979; 101: 269- 

272. 

69. Breul SK, Bradley KH, Hance AJ, Schafer MP, Berg RA, Crystal RG. Control of collagen 
production by human diploid lung fibroblasts. J Biol Chem 1980; 255: 5250-5260. 

70. Bernardo J, Hunninghake GW, Gadek JE, Ferrans VJ, Crystal RG. Acute hyper-sensitivity 
pneumonitis: serial changes in lung lymphocyte subpopulations after exposure to antigen. 
Am Rev Respir Dis 1979; 120: 985-994. 

7 1 . Rosenberg DM, Ferrans VJ, Fulmer JD, Line BR, Barranger JA, Brady RO, Crystal RG. 
Chronic airflow obstruction in Fabry's disease. Am J Med 1980; 68: 898-905. 

72. Hunninghake GW, Gadek JE, Kawanami O, Ferrans VJ, Crystal RG. Inflammatory and 
immune processes in the human lung in health and disease: evaluation by bronchoalveolar 
lavage. Am J Pathol 1979; 97: 149-206. 

73. Bradley KH, Kawanami O, Ferrans VJ, Crystal RG. The fibroblast of human lung alveolar 
structures: a differentiated cell with a major role in lung structure and function. In: Harris 
CC, Trump BR, Stoner GD, eds.. Methods in Cell Biology, Vol 21 A, New York: Academic 
Press 1980: 37-64. 

74. Hunninghake GW, Gadek JE, Szapiel SV, Strumpf IJ, Kawanami O, Ferrans VJ, Keogh 
BA, Crystal RG. The human alveolar macrophage. In: Harris CC, Trump BR, Stoner GD, 
eds.. Methods in Cell Biology, Vol 21A, New York: Academic Press 1980: 95-1 12. 

75. Hunninghake GW, Gadek JE, Young RC Jr., Kawanami O, Ferrans VJ, Crystal RG. Main- 
tenance of granuloma formation in pulmonary sarcoidosis by T-lymphocytes within the 
lung. N Engl J Med 1980; 302: 594-598. 

76. Rosenberg DM, Weinberger SE, Fulmer JD, Flye MW, Fauci AS, Crystal RG. Functional 
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correlates of lung involvement in Wegener's granulomatosis: use of pulmonary function 
tests in staging and follow-up. Am J Med 1980; 69: 387-394. 

77. Gadek JE, Fells GA, Crystal RG. Cigarette smoking induces functional antiprotease defi- 
ciency in the lower respiratory tract of humans. Science 1979; 206: 1315-1316. 

78. Gadek JE, Fulmer JD, Gelfand JA, Frank MM, Petty TL, Crystal RG. Danazol-induced 
augmentation of serum a 1 -antitrypsin levels in individuals with marked deficiency of this 
antiprotease. J Clin Invest 1980; 66: 82-87. 

79. Hunninghake GW, Kawanami O, Ferrans VJ, Young RC Jr., Roberts WC, Crystal RG. 
Characterization of the inflammatory and immune effector cells in the lung parenchyma of 
patients with interstitial lung disease. Am Rev Respir Dis 1981; 123: 407-412. 

80. Berg RA, Moss J, Baum BJ, Crystal RG. Regulation of collagen production by the P- 
adrenergic system. J Clin Invest 1981; 67: 1457-1462. 

8 1 . Crystal RG, Gadek JE, Ferrans VJ, Fulmer JD, Line BR, Hunninghake GW. hiterstitial lung 
disease: current concepts of pathogenesis, staging, and therapy. Am J Med 1981; 70: 542- 
568. 

82. Baum BJ, Moss J, Breul SD, Berg RA, Crystal RG. Effect of cyclic AMP on the 
intracellular degradation of newly synthesized coUagen. J Biol Chem 1980; 255: 2843- 
2847. 

83. Line BR, Cooper JA, Spicer KM, Jones AE, Crystal RG, Johnston GS. Radionuclide 
cinepneumography: flow -volume imaging of the respiratory cycle. J Nucl Med 1980; 21: 
219-224. 

84. Boyd CD, Tolstoshev P, Schafer MP, Trapnell BC, Coon HC, Kretschmer PJ, Nienhuis 
AW, Crystal RG. Isolation and characterization of a 15-kilobase genomic sequence coding 
for part of the pro a2 chain of sheep type I collagen. J Biol Chem 1980; 255: 3212-3220. 

85. Crystal RG, Roberts WC, Hunninghake GW, Gadek JE, Fulmer JD, Line BR. Pulmonary 
sarcoidosis: a disease characterized and perpetuated by activated lung T-lymphocytes. Ann 
Intern Med 1981; 94: 73-94. 

86. Kawanami O, Ferrans VJ, Crystal RG. Subplasmalemmal linear densities in cells of the 
mononuclear phagocyte system in lung. Am J Pathol 1980; 100: 131-150. 

87. Rennard SI, Ferrans VJ, Bradley KH, Crystal RG. Lung connective tissue. In: Witchi H, 
ed.. Mechanisms in Respiratory Toxicology, Vol. 2, Boca Raton: CRC Reviews 1982: 115- 
153. 
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88. Bitterman PB, Crystal RG. Is there a fibrotic gene? Chest 1980; 78: 549-550. 

89. Berg RA, Schwartz ML, Crystal RG. Regulation of the production of secretory proteins: 
intracellular degradation of newly synthesized "defective" coUagen. Proc Natl Acad Sci 
1980; 77: 4746-4750. 

90. Schafer MP, Boyd CD, Tolstoshev P, Crystal RG. Structural organization of a 17 kb seg- 
ment of the a2 collagen gene: evaluation by R-loop mapping. Nucl Acids Res 1980; 8: 
2241-2253. 

91. Trapnell BC, Tolstoshev P, Crystal RG. Secondary structures for splice junctions in 
eukaryotic and viral messenger RNA precursors. Nucl Acids Res 1980; 8: 3659-3672. 
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of COPD: genetic profiling of small and large lung airway epithelial cells in 
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790A. Jung J, BCim J, Pergolizzi RG, Crystal, RG. Highly efficient magnetic-bead purification of 
murine embryonic stem cells after lentivirus transduction of truncated human low-affinity 
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antimicrobial-encoding genes in the small airway epithelium in healthy smokers and 
smokers with COPD. Proc Am Thorac Soc 2007; 175: A475 

797A. Harvey B-G, Heguy A, Dolgalev I, Raman T, Santilli A, Vanni H, Kazeros A, Crystal 
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and adeno-associated virus type rh.lO vectors expressing anti-protective antigen antibody. 
Mol Ther 2007; 15: S290 

812A. Hackett NR, Schwartz JD, Vanni H, Hubner RH, O'Connor TP, Crystal RG . Chronic 
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submitted 
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ABSTRACT 



Dosages of inhaled insulin are controlled within a narrow 
range by controlling the total volume of air inhaled by a 
patient By repeatedly delivering aerosolized insulin with 
the same total inhaled volume of air, the amount of insulin 
delivered to the patient each time is consistent. A device for 
delivering insulin by inhalation is disclosed which device 
comprises a means for measuring inhaled volume and for 
halting inhalation at a pre-determined point. The device also 
comprises an adjustable means for applying various amounts 
of force to a container of formulation to expel different 
amounts of drug from the container based on the force 
applied. 
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[0001] This application is a continuation of appli 
Ser. No. 09/686,212, filed Oct. 10, 2000, which is 
tinuation of application Ser. No. 09/378,638, filed Aug. 20, 
1999, issued as U.S. Pat. No. 6,167,880 on Jan. 2, 2001 
which is a divisional of application Ser. No. 09/160,909, 
filed Sep. 25, 1998 and issued as U.S. Pat. No. 5,941,240 
Aug. 24, 1999, which is a continuation of application S 
No. 08/846,243 filed Apr. 25, 1997 and issued as U.S. Pat. 
No. 5,884,620 on Mar. 23, 1999, which is a continual 
in-part of application Ser. No. 08/754,423 filed Nov. 
1996 and issued as U.S. Pat. No. 5,743,250 on Apr. 28, 1998, 
which 

08/549,343, filed 
No. 5,915,378 or 
Q-part of appli 



■part of application Ser. 
m Oct. 27, 1995 and issued as U.S. Pat. 
Jun. 29, 1999, which is a c 
on Ser. No. 08/331,056, filed on Oct. 28, 

1994 and issued as U.S. Pat. No. 5,672,581 on Sep. 30, 1997, 

which 

08/011,281, filed 



n-part of application Ser. 
m Jan. 29, 1993 and issued as U.S. Pat No. 
5,364,838 on Nov. 15, 1994, each of which is incorporated 
herein by reference and to which is claimed priority under 35 
use §120. 

FIELD OF THE INVENTION 
[0002] This invention relates generally to a method of, 
aerosoHzed drug delivery. More specifically, this invention 
relates to controlling total inhaled volume to control the 
dosage of intrapulmonary delivery of insulin alone or in 
combination with other treatment methodologies which are 
combined to significantly reduce or eliminate the need for 
administering insulin by injection. 

BACKGROUND OF THE INVENTION 
[0003] Diabetes Mellitus is a disease affecting approxi- 
mately 7.5 million people in the United States. The under- 
lying cause of this disease is diminished or absent insulin 
production by the Islets of Langerhans in the pancreas. Of 
the 7.5 million diagnosed diabetics in the United States, 
approximately one-third are treated using insulin replace- 
ment therapy. Those patients receiving insulin typically 
self-administer one or more doses of the drug per day by 
subcutaneous injection. Insulin is a polypeptide with a 
nominal molecular weight of 6,000 Daltons. Insulin has 
traditionally been produced by processing pig and cow 
pancreas to allow isolation of the natural product. More 
recently, recombinant technology has made it possible to 
produce human insulin in vitro. It is the currently common 
practice in the United States to institute the use of recom- 
binant human insulin in all of those patients beginning 
insulin therapy. 

[0004] It is known that most proteins are rapidly degraded 
in the acidic environment of the GI tract. Since insulin is a 
protein which is readily degraded in the GI tract, those in 
need of the administration of insulin administer the drug by 
subcutaneous injection (SC). No satisfactory method of 
orally administering insulin has been developed. The lack of 
such an oral delivery formulation for insulin creates a 
problem in that the administration of drugs by injection can 
be both psychologically and physically painful. 



[0005] In an effort to provide for a non-invasive means for 
administering insulin, and thereby eliminate the need for 
hypodermic syringes, aerosolized insulin formulations have 
been theorized. Aerosolized insulin formulations have been 
shown to produce insulin blood levels in man when these 
aerosols are introduced onto nasal or pulmonary membrane. 
Moses et al. [Diabetes, Vol. 32, November 1983] demon- 
strated that a hypoglycemic response could be produced 
following nasal administration of 0.5 units/kg. Significant 
inter-subject variability was noted, and the nasal insulin 
formulation included unconjugated bile salts to promote 
nasal membrane penetration of the drug. Salzman et al. 
[New England Journal of Medicine, Vol. 312, No. 17] 
demonstrated that an intranasal aerosolized insulin formu- 
lation containing a non-ionic detergent membrane penetra- 
tion enhancer was effective in producing a hypoglycemic 
response in diabetic volunteers. Their work demonstrated 
that nasal irritation was present in varying degrees among 
the patients studied. In that diabetes is a chronic disease 
which must be continuously treated by the administration of 
insulin and in that mucosal irritation tends to increase with 
repeated exposures to the membrane penetration enhancers, 
efforts at developing a non-invasive means of administering 
insulin via nasal administration have not been commercial- 

[0006] In 1971, Wigley et al. [Diabetes, Vol 20, No. 8] 
demonstrated that a hypoglycemic response could be 
observed in patients inhaling an aqueous formulation of 
insulin into the lung. Radio-immuno assay techniques dem- 
onstrated that approximately 10 percent of the inhaled 
insulin was recovered in the blood of the subjects. Because 
the surface area of membranes available to absorb insulin is 
much greater in the lung than in the nose, no membrane 
penetration enhancers are required for delivery of insulin to 
the lungs by inhalation. The inefSciency of delivery seen by 
Wigley was greatly improved in 1979 by Yoshida et al. 
[Journal of Pharmaceutical Sciences, Vol. 68, No. 5] who 
showed that almost 40 percent of insulin delivered directly 
into the trachea of rabbits was absorbed into the bloodstream 
via the respiratory tract. Both Wigley and Yoshida showed 
that insulin delivered by inhalation could be seen in the 
bloodstream for two or more hours following inhalation. 

[0007] Aerosolized insulin therefore can be effectively 
given if the aerosol is appropriately delivered into the lung. 
In a review article. Dieter Kohler [Lung, supplement pp. 
677-684] remarked in 1990 that multiple studies have shown 
that aerosolized insulin can be delivered into and absorbed 
from the lung with an expected absorption half-life of 15-25 
minutes. However, he comments that "the poor reproduc- 
ibility of the inhaled dose [of insulin] was always the reason 
for terminating these experiments." This is an important 
point in that the lack of precise reproducibility with respect 
to the administration of insulin is critical. The problems 
associated with the inefScient administration of insulin 
cannot be compensated for by administering excess amounts 
of the drug in that the accidental administration of too much 
insulin could be fatal. 

[0008] Effective use of an appropriate nebulizer can 
achieve high efSciency in delivering insulin to human sub- 
jects. Laube et al. [Journal of Aerosol Medicine, Vol. 4, No. 
3, 1991] have shown that aerosolized insulin delivered from 
a jet nebulizer with a mass median aerodynamic diameter of 
1.12 microns, inhaled via a holding chamber at a slow 
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inspiratory flow rate of 17 liters/minute, produced an effec- 
tive hypoglycemic response in test subjects at a dose of 0.2 
units/kg. Colthorpe et al. [Pharmaceutical Research, Vol. 9, 
No. 6, 1992] have shown that aerosolized insulin given 
peripherally into the lung of rabbits produces a bioavailabil- 
ity of over 50 percent in contrast to 5.6 percent bioavail- 
ability seen for liquid insulin dripped onto the central 
airways. Colthorpe's work supports the contention that 
aerosolized insulin must be delivered peripherally into the 
lung for maximum efficiency and that inadvertent central 
deposition of inhaled aerosolized insulin will produce an 
effect ten times lower than that desired. Variations in dosing 
of 10-fold are clearly unacceptable with respect to the 
administration of most drugs, and in particular, with respect 
to the administration of insulin. 

[0009] The present invention endeavors to provide a non- 
invasive methodology for controlling the dosage of aero- 
solized insulin delivered to a patient. 

SUMMARY OF THE INVENTION 

[0010] The dosage of aerosolized insulin delivered to a 
patient's circulatory system is controlled by measuring and 
controlling the total volume of air inhaled by the patient. 

[0011] Specifically, repeated aerosolized doses of insulin 
containing formulation are administered to a patient while 
(1) measuring the total inhaled volume of air and (2) using 
the measurements to obtain the same inhaled volume with 
each delivery. The same inhaled volume can be obtained 
with each delivery by measuring the inhalation volume and 
stopping inhalation (e.g., by a mechanical means such as a 
trap door type valve) after a pre-determined volume is 
inhaled. To add to the repeatability of dosing it is preferable 
to measure and control the volume of air exhaled prior to 
inhalation for a delivery event. It is also preferable to 
measure the patient's inspiratory flow rate and volume and 
to repeatedly release each aerosolized dose to the patient at 
the same inspiratory flow rate and volume. 

[0012] Insulin formulations are preferably aerosolized and 
administered via hand-held, self-contained units which are 
automatically actuated at the same release point in a 
patient's inspiratory flow cycle The release point is auto- 
matically determined either mechanically or, more prefer- 
ably calculated by a microprocessor which receives data 
from a sensor making it possible to determine inspiratory 
flow rate and inspiratory volume. The device can measure, 
provide information to the patient and as such consistently 
control the total inhaled volume for each release of aerosol. 
Preferably the device is loaded with a cassette comprised of 
an outer housing which holds a package of individual 
disposable collapsible containers of an insulin containing 
formulation for systemic delivery. Actuation of the device 
forces insulin formulation through a porous membrane of 
the container which membrane has pores having a diameter 
in the range of about 0.25 to 3.0 microns, preferably 0.5 to 
1.5 microns. The device includes a means allowing for 
adjustments in the amount of force provided so that different 
amounts of formulation are forced from the container based 
on different amounts of force applied. The porous membrane 
is positioned in alignment with a surface of a channel 
through which a patient inhales air. The flow profile of air 
moving through the channel is such that the flow at the 
surface of the channel is less than the flow rate at the center 



of the channel. The membrane is designed so that it out- 
wardly protrudes at all times or is made flexible so that when 
an insulin formulation is forced against and through the 
membrane the flexible membrane protrudes outward beyond 
the flow boundary layer of the channel into faster moving 
air. Because the membrane protrudes into the faster moving 
of the channel the particles of aerosol formed are less likely 
to collide allowing for the formation of a burst of fine 
aerosol mist with uniform particle size. 

[0013] The dose of insulin to be delivered to the patient 
varies with a number of factors — most importantly the 
patient's blood glucose level. Thus, the device can deliver all 
or any proportional amount of the formulation present in the 
container which can be obtained by adjusting the amount of 
force applied to the container. If only part of the contents are 
aerosolized the remainder can be aerosolized at a later time. 
[0014] Smaller particle sizes are preferred to obtain sys- 
temic delivery of insulin. Thus, in one embodiment, after the 
aerosolized mist is released into the channel while energy is 
actively added to the particles (by heating the surrounding 
air) in an amount sufScient to evaporate carrier and thereby 
reduce particle size. The air drawn into the device can be 
actively heated by moving the air through a heating material 
which material is pre-heated prior to the beginning of a 
patient's inhalation. The amount of energy added can be 
adjusted depending on factors such as the desired particle 
size, the amount of the carrier to be evaporated, the water 
vapor content of the surrounding air and the composition of 
the carrier. 

[0015] To obtain systemic delivery it is desirable to get the 
aerosolized insulin formulation deeply into the lung. This is 
obtained, in part, by adjusting particle sizes. Particle diam- 
eter size is generally about one to three times the diameter 
of the pore from which the particle is extruded. Energy may 
be added in an amount sufScient to evaporate all or sub- 
stantially all carrier and thereby provide particles of dry 
powdered insulin or highly concentrated insulin formulation 
to a patient which particles are uniform in size regardless of 
the surrounding humidity and smaller due to the evaporation 
of the carrier. 

[0016] In addition to adjusting particle size, systemic 
delivery of insulin obtained by releasing an aerosolized dose 
at a desired point in a patient's respiratory cycle. When 
providing systemic delivery it is important that the delivery 
be reproducible. 

[0017] Reproducible dosing of insulin to the patient is 
obtained by providing for (1) measuring total exhaled vol- 
ume prior to dosing (2) controlling total exhaled volume (3) 
measuring total inhaled volume while dosing (4) controlling 
total inhaled volume while dosing (5) controlling particle 
size (6) automatic release of insulin formulation in response 
to a determined inspiratory flow rate; (7) measuring inspira- 
tory volume; and (8) prompting the patient for a pre- 
determined inspiratory flow rate throughout inspiration. The 
method involves consistently measuring for, determining 
and/or calculating each of 1-8 for each drug release decision 
based on instantaneously (or real time) calculated, mea- 
sured, set and/or determined parameters. To obtain repeat- 
ability in dosing the insulin formulation is repeatedly 
released at the same point for each of (l)-(8). To maximize 
the efSciency of the delivery of the insulin formulation the 
formulation is released each time (1) within range of 3.8 to 
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4.2 liters of total inhaled volume (2) at a measured inspira- 
tory flow rate in the range of from about 0.1 to about 2.0 
liters/second; and (3) at a measured inspiratory volume in 
the range of about 0.1 to about 1.5 liters for the firing point. 

[0018] A primary object is to provide a method of con- 
trolling the consistency of dosing insulin delivered by inha- 
lation particularly by measuring and controlling the total 
volume of air inhaled with each inhaling of insulin. 

[0019] Another object is to control the consistency of 
dosing insulin by inhaling by repeatedly controlling a vari- 
ety of parameters within a given range. 
[0020] Another object is to provide a method of delivering 
insulin which is sufficiently consistent so as to eliminate, at 
least in part, the need for injecting insulin. 

[0021] Another object of the invention is to combine 
insulin delivery therapies with monitoring technologies so as 
to maintain tight control over the serum glucose level of a 
patient suffering from diabetes mellitus. 

[0022] Another object of the invention is to provide a 
device which allows for the intrapulmonary delivery of 
controlled amounts of insulin based on the particular needs 
of the diabetic patient including serum glucose levels and 
insulin sensitivity. 

[0023] Another object of the invention is to provide a 
means for treating diabetes mellitus which involves supple- 
menting insulin administration using an intrapulmonary 
delivery means in combination with injections of insulin 
and/or oral hypoglycemic agents such as sulfonylureas. 
[0024] An advantage of the present invention is that the 
methodology allows the administration of smaller doses of 
insulin by a convenient and painless route, thus decreasing 
the probability of insulin overdosing and increasing the 
probability of safely maintaining desired serum glucose 

[0025] Another advantage of the present invention is that 
the methodology and device can be readily used in public 
without the disturbing effects associated with publicly 
administering a drug by injection. 

[0026] A feature of the present invention is that the device 
can be programmed for the patient to use the method while 
taking into account the particular needs of individual 
patients. 

[0027] Another feature is that the device can be individu- 
ally programmed based on the lung volume of the particular 
patient being treated. 

[0028] Another feature of the device of the present inven- 
tion is that it may be programmed to provide variable dosing 
so that different doses are delivered to the patient at different 
times of the day coordinated with meals and/or other factors 
important to maintain proper serum glucose levels with the 
particular patient. 

[0029] Another feature of the inventioi 

table, hand-held inhalation device of the 

used in combination with a portable device for 

serum glucose levels in order to closely monitor and titrate 

dosing based on actual glucose levels. 

[0030] Yet another feature of the invention is that the 
microprocessor of the delivery device can be programmed to 



Qbe 



prevent overdosing by preventing the valve from being 
opened more than a given number of times within a given 
period of time. 

[0031] An object of the invention is to provide a container 
which holds an aerosolizable formulation of insulin which 
container comprises a porous membrane which protrudes 
outward in a stationary state or on the application of force 
forming a convex surface when drug formulation is forced 
against and through the membrane. 

[0032] Another object is to provide a method for creating 
an aerosol of insulin formulation which comprises drawing 
air over a surface of a porous membrane in a channel and 
forcing formulation against the membrane so as to protrude 
the membrane through a flow boundary layer into faster 
moving air of the channel. 

[0033] Another object is to provide a device which 
coaches patients to consistently administer doses of insulin 
in a manner which consistently administer the same amount 
of insulin to the circulatory system. 

[0034] Another object of the invention is to adjust particle 
size by adding energy to the particles in an amount sufScient 
to evaporate carrier and reduce total particle size. 

[0035] Another object is to provide a drug delivery device 
which includes a desiccator for drying air in a manner so as 
to remove water vapor and thereby provide consistent par- 
ticle sizes even when the surrounding humidity varies 

[0036] Another ob]ect is to provide a device for the 
delivery of aerosols which measures humidity via a solid 
state hygrometer 

[0037] A feature of the invention is that drug can be 
dispersed or dissolved in a liquid carrier such as water and 
dispersed to a patient as dry or substantially dry particles 

[0038] Another advantage is that the size of the particles 
delivered will be independent of the surrounding humidity. 

[0039] Another advantage is that the insulin can be stored 
in a dry state until just prior to delivery. 

[0040] These and other objects, advantages and features of 
the present invention will become apparent to those persons 
skilled in the art upon reading the details of the structure of 
the device, formulation of compositions and methods of use, 
as more fully set forth below. 

BRIEF DESCRIPTION OF THE FIGURES 
[0041] FIG. 1 is a cross-sectional view of 



[0043] FIG. 3 is a cross-sectional view of the a 
FIG. 2 in use in a channel of a drug delivery device; 



that the por- |-qq44j pj(j_ 4 ^^ ^^ ^^^^ ^^^^ ^^ ^ j^^g delivery device o 



the 

[0045] FIG. 5 is a graph plotting the density of water 
vapor in air versus temperature, 

[0046] FIG. 6 is a graph plotting the density of ethanol 
vapor in air versus temperature. 
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[0047] FIG. 7 is a perspective view of the package of the 



[0048] FIG. 8 is a perspectiv 



[0049] FIG. 9 is a graph showing a plot of time vs. change 
in plasma glucose for three different means of administra- 



[0050] FIG. 10 is a graph showing a plot of serum insulin 
levels vs. time for three different means of administration; 

[0051] FIG. 11 is a graph showing a focused area of the 
graph of FIG. 10; 

[0052] FIG. 12 is a bar graph showing the percent bioef- 
fectiveness of insulin inhalation compared to subcutaneous 
injection over times; and 

[0053] FIG. 13 is a schematic view of a dual compartment 
insulin formulation c 



[0054] Before the present method of delivering aero- 
solized insulin to treat diabetes mellitus and devices, con- 
tainers and formulations used in the treatment are described, 
it is to be understood that this invention is not limited to the 
particular methodology, containers, devices and formula- 
tions described, as such methods, devices and formulations 
may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to limit the 
scope of the present invention which will be limited only by 
the appended claims. 

[0055] It must be noted that as used herein and in the 
appended claims, the singular forms "a,""and," and "the" 
include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to "a formulation" 
includes mixtures of different formulations, reference to "an 
analog" refers to one or mixtures of insulin analogs, and 
reference to "the method of treatment" includes reference to 
equivalent steps and methods known to those skilled in the 
art, and so forth. 

[0056] Unless defined otherwise, all technical and scien- 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods, devices and 
materials similar or equivalent to those described herein can 
be used in the practice or testing of the invention, the 
preferred methods, devices and materials are now described. 
All publications mentioned herein are incorporated herein 
by reference for the purpose of describing and disclosing 
devices, formulations and methodologies which are 
described in the publication and which might be used in 
connection with the presently described invention. 

[0057] The publications discussed herein are provided 
solely for their disclosure prior to the filing date of the 
present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to ante- 
date such publication by virtue of prior invention. Further, 
the publication dates indicated here may be different from 
the actual date of publication. 



[0058] Definitions 

[0059] The term "insulin" shall be interpreted to encom- 
pass natural extracted human insulin, recombinantly pro- 
duced human insulin, insulin extracted from bovine and/or 
porcine sources, recombinantly produced porcine and 
bovine insulin and mixtures of any of these insulin products. 
The term is intended to encompass the polypeptide normally 
used in the treatment of diabetics in a substantially purified 
form but encompasses the use of the term in its commer- 
cially available pharmaceutical form which includes addi- 
tional excipients. The insulin is preferably recombinantly 
produced and may be dehydrated (completely dried) or in 
solution. 

[0060] The term "insulin analog" is intended to encompass 
any form of "insulin" or defined above including forms 
wherein one or more of the amino acids within the polypep- 
tide chain has been replaced with an alternative amino acid 
and/or wherein one or more of the amino acids has been 
deleted or wherein one or more additional amino acids has 
been added to the polypeptide chain. In general, the "insulin 
analogs" of the present invention include "super insulin 
analogs" wherein the ability of the insulin analog to affect 
serum glucose levels is substantially enhanced as compared 
with conventional insulin as well as hepatoselective insulin 
analogs which are more active in the liver than in adipose 
tissue. Analogs include insulin-like compounds used for the 
same general purpose as insulin such as insulin lispro i.e., 
compounds which are administered to reduce blood glucose 

[0061] The term "acceptable serum glucose level" is 
intended to mean a glucose level above 50 mg/dl and below 
300 mg/dl more preferably 80 mg/dl to 200 mg/dl and most 
preferably about 100 mg/dl. It will be understood by those 
skilled in the art that levels of about 50 mg/dl are considered 
low and that levels of about 300 mg/dl are considered high, 
although acceptable in the sense that these levels are gen- 
erally not fatal. It is an important aspect of the invention to 
maintain more acceptable levels which are above the low of 
50 mg/dl and below the high of 300 mg/dl with it being more 
acceptable to deliver doses of insulin so as to keep the 
patient as close as possible to about 100 mg/dl. 
[0062] The term "dosing event" shall be interpreted to 
mean the administration of insulin and/or an insulin analog 
to a patient in need thereof by the intrapulmonary route of 
administration which event may encompass one or more 
releases of insulin formulation from an insulin dispensing 
device (from one or more containers) over a period of time 
of 15 minutes or less, preferably 10 minutes or less, and 
more preferably 5 minutes or less, during which period one 
or more inhalations are made by the patient and one or more 
doses of insulin are released and inhaled. A dosing event 
shall involve the administration of insulin to the patient in an 
amount of about 1 unit to about 30 units in a single dosing 
event which may involve the release of from about 1 to 
about 300 units of insulin from the device. 
[0063] The term "measuring" describes an event whereby 
either or both the inspiratory flow rate and inspiratory 
volume of the patient is measured. The measurement may be 
used to judcre the extent of any breathing maneuver such as 
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ling an amount. Measuring inspiratory flow during and after 
any drug delivery is used to coach a patient and after and 
after measuring it is desirable to record inspiratory flow rate 
and volume before, during and after the release of drug. 
Such reading makes it possible to determine if insulin 
formulation was properly delivered to the patient. A micro- 
processor or other device can calculate volume based on a 
measured flow rate. When either flow rate or volume 
becomes known in any manner it can be said to have been 
determined. 

[0064] The term "substantially the same" is intended to 
mean that efforts are made to obtain the same volume 
amount but error will take place and result in the volumes 
being slightly different but substantially the same. Error on 
the order of .+-0.20% or more preferably .+-0.10% may 
take place in practice. 

[0065] The term "monoitoring" event shall mean measur- 
ing lung functions such as inspiratory flow, inspiratory flow 
rate, and/or inspiratory volume so that a patient's lung 
function as defined herein, can be evaluated before and/or 
after drug delivery thereby making it possible to evaluate the 
effect, if any, of insulin delivery on the patient's lung 

[0066] The term "inspiratory flow rate" shall mean a value 
of air flow rate measured, calculated and/or determined 
based on the speed of the air passing a given point in a 
measuring device assuming atmospheric pressure .+-0.5% 
and a temperature in the range of about lO.degree. C. to 
40.degree. C. 

[0067] The term "inspiratory flow" shall be interpreted to 
mean a value of air flow calculated based on the speed of the 
air passing a given point along with the volume of the air that 
has passed that point with the volume calculation being 
based on integration of the flow rate data and assuming 
atmospheric pressure, .+-0.5% and temperature in the range 
of about lO.degree. C. to about 40.degree. C. 
[0068] The term "inspiratory volume" shall mean a deter- 
mined, calculated and/or measured volume of air passing a 
given point into the lungs of a patient assuming atmospheric 
pressure .+-0.5% and a temperature in the range of 
lO.degree. C. to 40.degree. C. 

[0069] The term "inhaling maximally" shall mean that the 
patient makes a maximal effort to inhale air into the lungs. 

[0070] The terms "exhaling the forced vital capacity" and 
"exhaling maximally" are used interchangeably herein and 
shall mean making a maximal effort to exhale all air from the 
lungs, preferably exhaling all air in the lungs but for the 
residual volume. 

[0071] The term "inhale-exhale" maneuver shall mean 
inhaling maximally followed by exhaling maximally. After 
inhaling maximally the patient can hold the inhaled air for 
any desired period of time before exhaling maximally or 
exhale maximally immediately following the maximal 
inhale. 

[0072] The term "inspiratory flow profile" shall be inter- 
preted to mean data calculated in one or more events 
measuring inspiratory flow and cumulative volume, which 
profile can be used to determine a point within a patient's 
inspiratory cycle which is preferred for the release of drug 
to be delivered to a patient. The point within the inspiratory 



cycle where drug is released may be based on a point within 
the inspiratory cycle likely to result in the maximum deliv- 
ery of drug and based and/or on a point in the cycle most 
likely to result in the delivery of a reproducible amount of 
drug to the patient at each release of drug. Repeatability of 
the amount delivered is the primary criterion and maximiz- 
ing the amount delivered is an important but secondary 
criterion. Thus, a large number of different drug release 
points might be selected and provide for repeatability in 
dosing provided the selected point is again selected for 
subsequent releases. To insure maximum drug delivery the 
point is selected within given parameters 
[0073] The term "therapeutic index" refers to the thera- 
peutic index of a drug defined as LD^q/ED^o • The LDjq 
(lethal dose, 50%) is defined as the dose of a drug which kills 
50% of the tested animals, and the ED50 is defined as the 
effective dose of the drug for 50% of the individuals treated. 
Drugs with a therapeutic index near unity (i.e. LD50/ED50 is 
approximately equal to 1) achieve their therapeutic effect at 
doses very close to the toxic level and as such have a narrow 
therapeutic window, i.e. a narrow dose range over which 
they may be administered. 

[0074] The term "liquid formulation" is used herein to 
describe any pharmaceutical^ active insulin, analog thereof, 
or other drug for treating diabetes mellitus by itself or with 
a pharmaceutical^ acceptable carrier in flowable liquid 
form and preferably having a viscosity and other character- 
istics such that the formulation is aerosolized into particles 
which are inhaled into the lungs of a patient after the 
formulation is moved through a porous membrane of the 
invention Such formulations are preferably solutions, e g 
aqueous solutions, ethanolic solutions, aqueous/ethanolic 
solutions, saline solutions and colloidal suspensions For- 
mulations can be solutions or suspensions of drug in any 
fluid including fluids in the form of a low boiling point 
propellant 

[0075] The term "formulation" is used to encompass the 
term "liquid formulation" and to further include dry powders 
of insulin with or without excipient materials. 

[0076] The term "substantiaUy" dry shall mean insulin in 
a container or in particles of an aerosol which contain less 
than 10% free water, ethanol or other liquid carrier based on 
total weight and preferably contains no detectable free liquid 



[0077] The terms "lung function" and "pulmonary func- 
tion" are used interchangeably and shall be interpreted to 
mean physically measurable operations of a lung including 
but not limited to (1) inspiratory and (2) expiratory flow 
rates as well as (3) lung volume. Methods of quantitatively 
determining pulmonary function are used to measure lung 
function. Methods of measuring pulmonary function most 
commonly employed in clinical practice involve timed mea- 
surement of inspiratory and expiratory maneuvers to mea- 
sure specific parameters. For example, forced vital capacity 
(FVC) measures the total volume in liters exhaled by a 
patient forcefully from a deep initial inspiration. This param- 
eter, when evaluated in conjunction with the forced expired 
volume in one second (FEV^), allows bronchoconstriction to 
be quantitatively evaluated. A problem with forced vital 
capacity determination is that the forced vital capacity 
r (i.e. forced exhalation from maximum inspiration 
1 expiration) is largely technique dependent. In 
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other words, a given patient may produce different FVC 
values during a sequence of consecutive FVC maneuvers. 
The PEP 25-75 or forced expiratory flow determined over 
the mid-portion of a forced exhalation maneuver tends to be 
less technique dependent than the PVC. Similarly, the PEVj 
tends to be less technique dependent than PVC. In addition 
to measuring volumes of exhaled air as indices of pulmonary 
function, the flow in liters per minute measured over dif- 
fering portions of the expiratory cycle can be useful in 
determining the status of a patient's pulmonary function. In 
particular, the peak expiratory flow, taken as the highest air 
flow rate in liters per minute during a forced maximal 
exhalation, is well correlated with overall pulmonary func- 
tion in a patient with asthma and other respiratory diseases. 
The present invention carries out treatment by administering 
drug in a drug delivery event and monitoring lung function 
in a monitoring event. A series of such events may be carried 
out and repeated over time. 

[0078] The term "velocity of the drug" or "velocity of 
particles" shall mean the average speed of particles of 
respiratory drug formulation moving from a release point 
such as a porous membrane or a valve to a patient's mouth. 
In a preferred embodiment the velocity of the particles is 
zero or substantially zero in the absence of flow created by 
patient inhalation. 

[0079] The term "bulk flow rate" shaU mean the average 
velocity at which air moves through a channel considering 
that the flow rate is at a maximum in the center of the 
channel and at a minimum at the inner surface of the 
channel. 

[0080] The term "flow boundary layer" shaU mean a set of 
points defining a layer above the inner surface of a channel 
through which air flows wherein the air flow rate below the 
boundary layer is substantially below the bulk flow rate, e.g., 
50% or less than the bulk flow rate. 

[0081] The term "carrier" shaU mean a liquid, flowable, 
pharmaceutical^ acceptable excipient material which insu- 
lin is suspended in or more preferably dissolved in. Useful 
carriers do not adversely interact with the insulin and have 
properties which allow for the formation of aerosolized 
particles preferably particles having a diameter in the range 
of 0.5 to 3.0 microns when a formulation comprising the 
carrier and respiratory drug is forced through pores having 
a diameter of 0.25 to 3.0 microns. Preferred carriers include 
water, ethanol and mixtures thereof. Other carriers can be 
used provided that they can be formulated to create a 
suitable aerosol and do not adversely effect the insulin or 
human lung tissue. 

[0082] Each of the parameters discussed above is mea- 
sured during quantitative spirometry. A patient's individual 
performance can be compared against his personal best data, 
individual indices can be compared with each other for an 
individual patient (e.g. PEV^ divided by PVC, producing a 
dimensionless index useful in assessing the severity of acute 
asthma symptoms), or each of these indices can be compared 
against an expected value. Expected values for indices 
derived from quantitative spirometry are calculated as a 
function of the patient's sex, height, weight and age. Por 
instance, standards exist for the calculation of expected 
indices and these are frequently reported along with the 
actual parameters derived for an individual patient during a 
monitoring event such as a quantitative spirometry test. 



[0083] General Methodology 

[0084] Diabetes mellitus is generally treated by the injec- 
tion of insulin. The present invention endeavors to reduce or 
eliminate the need for injected insulin by consistently pro- 
viding a controlled amount of aerosolized insulin to the 
patient's circulatory system. Insulin containing formulations 
can be aerosolized in a variety of different ways and there- 
after inhaled into the lungs. When insulin is deposited on 
mucus membranes of the respiratory tract and particularly in 
the peripheral areas of the lung it is later absorbed into the 
circulatory system. Once in the circulatory system insulin 
has the effect of reducing the blood glucose level of the 
patient. Por the patient's overall health it is desirable to 
maintain a moderate glucose level. 

[0085] The present invention aids in maintaining the blood 
glucose at the desired level in a number of ways. Pirst, most 
patients wish to avoid injections and as such are more likely 
to frequently administer insulin by inhalation than by injec- 
tion. This is maybe due to both an aversion to insulin 
injections due to pain and social discomfort in some situa- 
tions. The more frequently insulin is administered the tighter 
the control of glucose levels that can be obtained. However, 
when insulin is delivered by inhalation dosing can be 
inconsistent. Inconsistencies in the dosing of insulin can be 
a serious matter in that failure to provide sufScient insulin 
may cause the glucose level to rise to a dangerously high 
level. Purther, if too much insulin is delivered the patient's 
glucose level may drop to a dangerously low level. Because 
of the need for consistency in dosing and inconsistent results 
obtained with dosing by inhalation patients administer insu- 
lin by injection. The present invention addresses factors 
which result in inconsistent dosing by inhalation and thereby 
provides a method for consistent dosing of insulin by 
inhalation. 

[0086] The primary factor addressed by the present inven- 
tion relating to the consistency of dosing insulin by inhala- 
tion is the total air volume inhaled by the patient. To address 
this factor the methodology of the present invention instructs 
the patient or uses a device which measures inspiratory flow 
and inspiratory volume. When the patient uses the device 
and is instructed to exhale to the maximal extent possible. 
After doing such the patient inhales with the device mea- 
suring the rate of inspiration as well as the volume inspired. 
The device will automatically fire a dose of aerosolized 
insulin formulation when a desired rate and volume has been 
obtained. That firing point will be repeated each time the 
patient delivers insulin. However, per the present invention 
the patient is instructed to continue inhalation to a given 
point after the firing point releases the aeosolized insulin. 
The given point is preferably the maximum amount of 
inhalation the patient can achieve. By maximizing the 
amount of inhalation the efSciency of the drug delivery will 
be improved However, if the patient merely inhales the 
same volume for each drug delivery event, the dosing will 
be consistent and consistency of dosing is more important 
than maximizing the efSciency of delivery Por both pur- 
poses of simplicity and efSciency of dosing it is preferred 
that the patient inhale after the release of insulin until the 
patient inhales maximally 

[0087] To maximize the consistency in dosing of insulin 
by inhalation, a number of actors should simultaneously and 
repeatedly be taken into consideration using a device which 
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inspiratory flow and inspiratory volume. Maxi- 
mizing the repeatability of dosing is achieved by: (1) 
instructing the patient to exhale maximally prior to dosing; 

(2) instructing the patient to inhale at a moderate rate 
(preferably in the range of about 0.1 to 2 liters per second); 

(3) automatically firing the dose of aerosolized insulin at a 
predetermined point (relative to both the rate of inspiration 
and the volume inspired and preferably at a rate of 0.1 to 2 
liters per second and in a volume in the range of 0.15 to 1.5 
liters); (4) instructing the patient to continue inhalation after 
the aerosolized dosage is released wherein the inhalation is 
continued to a desired point where it is halted mechanically 
or preferably continued to the maximum point of inhalation; 
(5) controlling the particle size within the range of about 1.0 
to about 3.0 microns in diameter. 

[0088] Each time insulin is delivered to the patient by 
inhalation the insulin is released at the same point with 
respect to inspiratory flow rate and inspiratory volume. 
Further, the patient is instructed to perform the maneuvers 
with respect to completely exhaling prior to delivery and 
completely inhaling during and after delivery by using a 
particle size of a given diameter and repeating all parameters 
with respect to delivery and breathing maneuvers a high 
degree of repeatability in dosing can be obtained. After 
delivery it is preferable to perform a coached inhale-exhale 
maneuver which is described in detafl within U.S. Pat. No. 
5,743,250 issued Apr. 28, 1998 which is incorporated herein 
by reference. This maneuver will increase the rate at which 
insulin deposited in the lung enters the circulatory system. 
This is important in that it is desirable to make sure that any 
insulin delivered is having an effect in the circulatory system 
prior to delivering more insulin. The inhale-exhale maneu- 
ver is useful in avoiding overdosing. 

[0089] Calibration 

[0090] It is important to calibrate the device for obtaining 
consistent delivery. The calibration can be carried out with 
respect to a plurality of different parameters. In connection 
with the present invention it is important to calibrate by 
instructing the patient to exhale maximally and inhale maxi- 
mally a number of times. This allows the device to determine 
the patient's total lung volume or total available lung 
volume which is the lung volume minus the residual amount 
which remains in the lung after exhaling maximally. After 
measuring the patient's total lung volume the device can be 
set to provide a signal to the patient indicating that the 
patient has achieved a complete exhale and/or has achieved 
a complete inhale maneuver. The signal can be provided by 
sound, light or a series of lights or a combination of light and 
sound. For example the device can be set to provide a green 
light when the patient is inhaling at a desired rate with a light 
turning red if the patient drops below or goes above a desired 



[0091] A patient using the device withdraws air from a 
mouthpiece and the inspiratory rate of the patient is mea- 
sured as is cumulative respiratory volume one or more times 
in a monitoring event which determines a preferred point in 
an inhalation cycle for the release of a dose of insulin. 
Inspiratory flow is measured and recorded in one or more 
monitoring events for a given patient in order to develop an 
inspiratory flow profile for the patient. The recorded infor- 
mation is analyzed by the microprocessor in order to deduce 
a preferred point within the patient's respiratory cycle for 



the release of insulin with the preferred point being calcu- 
lated based on the most likely point to result in a reproduc- 
ible delivery event. The monitoring device continually sends 
information to the microprocessor, and when the micropro- 
cessor determines that the optimal point in the respiratory 
cycle is reached, the microprocessor actuates the opening of 
the valve allowing release of insulin. Accordingly, drug is 
always delivered at a pre-programmed place in the respira- 
tory flow profile of the particular patient which is selected 
specifically to maximize reproducibility of drug delivery and 
peripheral dispersion of the drug. It is pointed out that the 
device of the present invention can be used to, and actually 
does, improve the efSciency of drug delivery. However, this 
is not the critical feature. The critical feature is the enhanced 
rate at which insulin is brought into the circulatory system 
and the reproducibility of the release of a tightly controlled 
amount of drug at a particular point in the inspiratory cycle 
so as to assure the delivery of a controlled and repeatable 
amount of drug to the lungs of each individual patient and 
allow further insulin to be absorbed more quickly if needed. 

[0092] Each release of aerosolized formulation is prefer- 
able proceeded by a monitoring event. The monitoring event 
may include recalibration which takes into consideration any 
changes in the condition of the patient. For example, dif- 
ferent bronchial conditions including athsma can affect lung 
volume and certain medications can affect the patient's 
ability to carry out certain breathing maneuvers. Accord- 
ingly, in preferred embodiments of the invention monitoring 
and recalibration is carried out frequently, e.g., once a day or 
prior to each dosing event. 

[0093] Factors for Repeatable Dosing 

[0094] In order to consistently deliver the same amount of 
aerosolized insulin to the patient's circulatory system with 
each release of aerosol it is important to take a number of 
factors into consideration simultaneously. Specifically, it is 
preferable to set various parameters at a given point and to 
repeatedly deliver drug to the patient at the same set param- 
eters. The parameters may be set to improve efSciency of 
delivery. However, it is most important that the parameters 
remain set so that repeatable dosing is obtained. In order to 
obtain maximum repeatability of dosing it is desirable to: 

[0095] (1) instruct the patient to completely exhale 
prior to delivery and then to inhale according to 
pre-programmed parameters (e.g., inhale until inha- 
lation is mechanically halted or inhale maximally) 
with inhalation continuing after drug is delivered; 

[0096] (2) release drug at a point within a patient's 
inspiratory flow rate inside a range of about 0.10 to 
about 2.0 liter/second preferably about 0.2 to about 
1.8 liters per sec. and more preferably 0.15 to 1.7 
liters per sec; and within a patient's inspiratory 
volume of about 0.15 to about 2.0 liters preferably 
0.15 to 0.8 liters and more preferably 0.15 to about 
0.4 liters; 



; for systemic delivery 



[0097] (3) set the particle si 
in a range of about 0.5 t' 
preferably 0.5 to about 3 microns; 

[0098] (4) set the concentration of the drug in the 
carrier in the range of from about 0.01% to about 

12.5% 
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[0099] (5) add heat to the air in an amount of about 
20 Joules to about 100 Joules and preferably 20 
Joules to about 50 Joules per 10 .mu.l of formulation; 

[0100] (6) adjust the relative volume of air added by 
patient inhalation per 10 .mu.l of formulation at 
about 100 ml to 2 1 and preferably about 200 ml to 
1 liter for evaporation and without evaporation 
50-750 ml preferably 200-400 ml; 

[0101] (7) vibrate the porous membrane at a rate of 
from 575 to 17,000 kilohertz; 

[0102] (8) adjust the pore size to a range of about 
0.25 to about 6.0 microns in diameter preferably 0.5 
to 3 microns and more preferably 1-2 microns; 

[0103] (9) set the viscosity of the formulation to a 
range of from about 25% to 1,000% of the viscosity 



[0104] (10) use extrusion pressure in a range of about 
50 to 800 psi and preferably 100 to 750 psi; 

[0105] (11) carry out at an ambient temperature to 
15.degree. C. to 30.degree. C. and ambient pressure 
between 1 atmosphere and 75% of 1 atmosphere; 

[0106] (12) adjust the ratio of Hquid carriers to each 
other to be o 



[0107] (13) use a desiccator t( 
water vapor from air; 

[0108] (14) adjust the shape of the pore opening to be 
circular in diameter and a conical in cross-section 
with the ratio of the diameter of the small to large end 
of the cone being about Vz to 1/20, and the shape of the 
porous membrane to an elongated oval; 

[0109] (15) adjust the thickness of the membrane to 
5 to 200 microns; preferably 10-50 microns; 

[0110] (16) use a membrane having a convex shape 
or use a flexible membrane that protrudes outward in 
a convex shape beyond the flow boundary layer 
when formulation is forced through it; and 

[0111] (17) the firing point to be at substantially the 
same point at each release for the parameters (1-16), 
i.e., each release of drug is at substantially the same 
point so as to obtain repeatability of dosing. 

[0112] Amount of Insulin Dose 

[0113] There is considerable variability wit respect to the 
amount of insulin which is delivered to a patient when the 
insulin is being administered by injection. Patients requiring 
the administration of injectable insulin use commercial 
insulin which is prepared in concentrations of 100 units per 
milliliter, although higher concentrations up to about 500 
units per milliliter can be obtained. It is preferable to use the 
more highly concentrated insulin in connection with the 
present invention. If insulin containing 500 units of insulin 
per milliliter is used and a patient is administering 5 units, 
then the patient will only need to administer 0.01 milliliters 
of the concentrated insulin to the lungs of the patient to 
achieve the desired dose. 

[0114] The symptoms of diabetes can be readily controlled 
with the administration of insulin. However, it is extremely 
difScult, and probably impossible, to normalize the blood 



sugar throughout a 24-hour period utilizing traditional insu- 
lin therapy given as one or two injections per day. It is 
possible to more closely approach normalized blood sugar 
levels with the present invention. Improvements are 
obtained by smaller, more frequent dosing and by timing 
dosing relative to meals, exercise and sleep. 

[0115] The precise amount of insulin administered to a 
patient varies considerably depending upon the degree of the 
disease and the size of the patient. A normal-weight adult 
may be started on about a 15-20 units a day in that the 
estimated daily insulin production rate in non-diabetic sub- 
jects of normal size is approximately 25 units per day. It is 
preferable to administer approximately the same quantity of 
insulin for several days before changing the dosing regime 
except with hypoglycemic patients for which the dose 
should be immediately decreased unless a clearly evident 
nonrecurrent cause of hypoglycemia (such as not eating, i.e., 
missing a typical meal) is present. In general, the changes 
should not be more than five to ten units per day. It is typical 
to administer about two-thirds of the total insulin daily 
dosage before breakfast and administer the remainder before 
supper. When the total dosage reaches 50 or 60 units per day, 
a plurality of smaller doses are often required since peak 
action of insulin appears to be dose related, i.e., a low dose 
may exhibit maximal activity earlier and disappear sooner 
than a large dose. All patients, are generally instructed to 
reduce insulin dosage by about 5 to 10 units per day when 
extra activity is anticipated. In a similar manner, a small 
amount of extra insulin may be taken before a meal that 
contains extra calories or food which is not generally eaten 
by the diabetic patient. The inhalation device of the present 
invention is particularly useful with respect to providing 
such small amounts of additional insulin. 



[0116] Several types of insulin formulations ai 
cially available. When larger doses of insulin must be 
administered at a single point in time, it may be preferable 
to administer intermediate or long-acting insulin formula- 
tions. Such formulations release some insulin immediately 
and provide a more sustained release of the remainder of the 
insulin over time. Such formulations are described further 
below in the "Insulin Containing Formulations" section. 

[0117] When administering insulin using the inhalation 
device of the present invention, the entire dosing event can 
involve the administration of anywhere from one to 25 units, 
but more preferably involves the administration of approxi- 
mately five to ten units. The entire dosing event may involve 
several inhalations by the patient with each of the inhala- 
tions being provided with multiple bursts of insulin from the 
device For example, the device can be programmed so as to 
release enough insulin so that approximately one unit of 
insulin is delivered to the patient per inhalation or 0.33 units 
of insulin per burst with three bursts being delivered per 
inhalation. If ten units are to be delivered, the ten units are 
delivered by releasing 33 bursts in ten different inhalations. 
Such a dosing event should take about 1-2 minutes to deliver 
10 units of insulin. Since only small amounts are delivered 
with each burst and with each inhalation, even a complete 
failure to deliver insulin with a given inhalation or burst is 
not of great significance and will not seriously disturb the 
reproducibility of the dosing event. Further, since relatively 
small amounts are delivered with each inhalation and/or 
burst, the patient can safely administer an additional unit or 
two of insulin without fear of overdosing. 
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[0118] There is a differential between the amount of 
insulin actually released from the device and the amount of 
insulin actually delivered to the patient. The present device 
is two to ten times more efScient than conventional inhala- 
tion devices (i.e., MDIs or metered dose inhalers) which 
have an efSciency as low as 10% meaning that as little as 
10% of the released insulin may actually reach the circula- 
tory system of the patient. The efSciency of the delivery will 
vary somewhat from patient to patient and should be taken 
into account when programming the device for the release of 
insulin. 

[0119] One of the difSculties with aerosolized delivery of 
insulin is that the patient and/or the caregiver cannot deter- 
mine precisely how much insulin has entered the circulatory 
system. Accordingly, if the patient has been dosed with what 
is believed to be an adequate amount of aerosolized insulin 
and the glucose level remains high one might assume that 
the aerosolized dose was not properly delivered. For 
example, the insulin might have been improperly delivered 
against the patient's mouth surfaces or throat where it will 
not be absorbed into the circulatory system. However, it may 
be that the insulin is properly delivered to the lung (e.g., 
provided on the outer peripheral areas of the lung) but has 
not yet migrated into the circulatory system. The inhale- 
exhale maneuver described above provides a mechanism for 
more quickly bringing the insulin deposited on lung tissue 
into the circulatory system. Specifically, the patient inhales 
maximally and then exhales maximally. 

[0120] Obese patients are generally somewhat less sensi- 
tive to insulin and must be provided with higher doses of 
insulin in order to achieve the same effect as normal weight 
patients. Dosing characteristics based on insulin sensitivity 
are known to those skilled in the art and are taken into 
consideration with respect to the administration of injectable 
insulin. The present invention makes it possible to vary 
dosing over time if insulin sensitivity changes and/or if user 
compliance and/or lung efSciency changes over time. 

[0121] Based on the above, it will be understood that the 
dosing or amount of insulin actually released from the 
device can be changed based on the most immediately prior 
monitoring event wherein the inspiratory flow of a patient's 
inhalation is measured. The amount of insulin released can 
also be varied based on factors such as timing and timing is, 
in general, connected to meal times, sleep times and, to a 
certain extent, exercise times. Although all or, any of these, 
events can be used to change the amount of insulin released 
from the device and thus the amount of insulin delivered to 
the patient, ultimately, the amount released and delivered to 
the patient is based on the patient's serum glucose levels. It 
is important to maintain a patient's serum glucose levels 
within acceptable levels (greater than 60 mg/dl and less than 
125 mg/100 ml and most preferably to maintain those levels 
at about 80 mg/100 ml. 

[0122] Variations in doses are calculated by i 
serum glucose levels in response to known : 
insulin released from the device. If the response in decreas- 
ing serum glucose level is higher than with previous read- 
ings, then the dosage is decreased. If the response in 
decreasing serum glucose level is lower than with previous 
readings, then the dosing amount is increased. The increases 
and decreases are gradual and are preferably based on 
averages (of 10 or more readings of glucose levels after 10 



: dosing events) and not a single dosing event and 
;nt with respect to serum glucose levels. The 
present invention can record dosing events and serum glu- 
cose levels over time, calculate averages and deduce pre- 
ferred changes in administration of insulin. 

[0123] As another feature of the invention, the device can 
be programmed so as to prevent the administration of more 
than a given amount of insulin within a given period of time. 
For example, if the patient normally requires 25 units per 
day of insulin, the microprocessor of the inhalation device 
can be programmed to prevent further release of the valve 
after 35 units has been administered within a given day. 
Setting a slightly higher limit would allow for the patient to 
administer additional insulin, if needed, due to larger than 
normal meals and/or account for misdelivery of insulin such 
as due to coughing or sneezing during an attempted delivery. 

[0124] The ability to prevent overdosing is a characteristic 
of the device due to the ability of the device to monitor the 
amount of insulin released and calculate the approximate 
amount of insulin delivered to the patient based on moni- 
toring given events such as airflow rate and serum glucose 
levels. The ability of the present device to prevent overdos- 
ing is not merely a monitoring system which prevents 
further manual actuation of a button. As indicated above, the 
device used in connection with the present invention is not 
manually actuated, but is fired in response to an electrical 
signal received from a microprocessor. Applicant's device 
does not allow for the release of insulin merely by the 
manual actuation of a button to fire a burst of insulin into the 



[0125] The microprocessor can be designed so as to allow 
for an override feature which would allow for the adminis- 
tration of additional insulin. The override feature could be 
actuated in an emergency situation. Alternatively, the over- 
ride feature could be actuated when the device is electroni- 
cally connected with a serum glucose level monitoring 
device which determines that serum glucose levels increase 
to dangerously high levels. 

[0126] The microprocessor will preferably include a tim- 
ing device. The timing device can be electrically connected 
with visual display signals as well as audio alarm signals. 
Using the timing device, the microprocessor can be pro- 
grammed so as to allow for a visual or audio signal to be sent 
when the patient would be normally expected to administer 
insulin. In addition to indicating the time of administration 
(preferably by audio signal), the device can indicate the 
amount of insulin which should be administered by provid- 
ing a visual display. For example, the audio alarm could 
sound alerting the patient that insulin should be adminis- 
tered. At the same time, the visual display could indicate 
"five units" as the amount of insulin to be administered. At 
this point, a monitoring event could take place. After 
completion of the monitoring event, administration would 
proceed and the visual display would continually indicate 
the remaining amount of insulin which should be adminis- 
tered. After the predetermined dose of five units had been 
administered, the visual display would indicate that the 
dosing event had ended. If the patient did not complete the 
dosing event by administering the stated amount of insulin, 
the patient would be reminded of such by the ii 
another audio signal, followed by a visual display ii 
ing the patient to continue administration. 
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[0127] In connection with the delivery of insulin different 
amounts of insulin are required by the patient depending 
upon the patient's glucose level. Because the amount of 
insulin required can vary considerably it is necessary to 
provide a system which can deliver a wide variety of 
different amounts of insulin. This could be done by varying 
the amount of insulin contained within the container pack- 
age. However, such would require producing a large number 
of different containers. Accordingly, the present invention 
includes the concept of delivering only a portion of the 
insulin present within a container. This can be done by 
adjusting the amount of force applied to the container when 
the formulation is forced from the container through the 
porous membrane. By adjusting the amount of force applied, 
formulation of an amount of anywhere from 100% to 1% of 
the formulation could be forced from the package in incre- 
mental amounts of 1%, 10%, 25% or any desired percentage 



[0128] Additional information regarding dosing with insu- 
lin via injection can be found within Harrison's — Principles 
of Internal Medicine (most recent edition) published by 
McGraw Hill Book Company, New York, incorporated 
herein by reference to disclose conventional information 
regarding dosing insulin via injection. 

[0129] Drug Delivery with Disposable Container 

[0130] FIG. 1 is a cross-sectional view of a container 1 of 
n which is shaped by a collapsible wall 2. The 
r 1 has an opening covered by a flexible porous 
membrane 3 which is covered by a removable layer 4. The 
membrane 3 may be rigid and protrude upward in a convex 
configuration away from the formulation 5. When the layer 
4 is removed the wall 2 can be collapsed thereby forcing the 
insulin formulation 5 against the flexible porous membrane 
3 which will then protrude outward in a convex shape. 



of a 



:e preferred 



The 

may be in any configuration but is generally cylindrical and 
formed out of a single layer of material which forms the 
collapsible wall 2. The container 1 includes an opening 
which leads to an open channel 6 which channel 6 includes 
an abutment 7 which is broken upon the application of force 
created by formulation 5 being forced from the container. 
When the abutment 7 is broken the formulation 5 flows to an 
area adjacent to the flexible porous membrane 3 and is 
prevented from flowing further in the channel 6 by a 
non-breakable abutment 8. 



[0132] FIG. 3 is a cross-sectional view of the c 
of FIG. 2 in use. The waU 2 is being crushed by a 
mechanical component such as the piston 9 shown in FIG. 
3. The piston may be driven by a spring, compressed gas, or 
a motor connected to gears which translate the electric 
motor's circle motion to linear motion. The formulation 5 is 
forced into the open channel 6 (breaking the abutment 7 
shown in FIG. 2) and against and through the membrane 3 
causing the membrane 3 to protrude outward into a convex 
configuration as shown in FIG. 3. 

[0133] The piston 9 has been forced against the container 
wall 2 after a patient 10 begins inhalation in the direction of 
the arrow "I". The patient 10 inhales through the mouth from 
a tubular channel 11. The velocity of the air moving through 
the flow path 29 of the channel 11 can be measured across 



the diameter of the channel to determine a flow profile 12, 
i.e., the air flowing through the channel 11 has a higher 
velocity further away from the inner surface of the channel. 
The air velocity right next to the inner surface of the channel 
11 (i.e., infinitely close to the surface) is very slow (i.e., 
approaches zero). A flow boundary layer 13 defines a set of 
points below which (in a direction from the channel center 
toward the inner surface of the channel) the flow of air is 
substantially below the bulk flow rate i.e., 50% or less than 
the bulk flow rate. 

[0134] To allow air to flow freely through the channel 11 
the upper surface of the flexible porous membrane 3 is 
substantially flush with (i.e., in substantially the same plane 
as) the inner surface of the channel 11. Thus, if the mem- 
brane 3 remained in place when the formulation 5 move 
through the pores the formulation would be released into the 
slow moving or substantially "dead air" below the boundary 
layer 13. However, the membrane 3 protrudes outward 
through the boundary layer 13 into the faster moving air. 
This is desirable in that it aids in avoiding the coagulation of 
particles. More specifically, when formulation exits the 
pores the formulation naturally forms spherical particles. 
Those particles slow down due to the frictional resistance 
created by the air through which the particles must travel. 
The particles existing behind them can face reduced air 
friction because the preceding particle have moved the air 
aside. Thus later released particles catch up with and merge 
into the earlier released particles. This can cause a chain 
reaction resulting in the formation of large particles which 
can not be readily inhaled into the lung — e.g., the formation 
of particles having a diameter of more than about 12.0 

[0135] A plan view of a simple embodiment of a drug 
delivery device 40 of the present invention is shown within 
FIG. 4. The device 40 is loaded and operates with a plurality 
of interconnected disposable containers 1 which form a 
package 46. Before describing the details of the individual 
components of the device 40, a general description of the 
device and its operation is in order. 

[0136] As shown in FIG. 4 the spring 22 applies force to 
the container which forces the formulation out of the porous 
membrane. It is possible to compress the spring 22 to 
various different degrees. With each degree of compression 
relating to a different amount of force which will be applied 
. By applying different amounts of force to 
;r, a different volume of formulation is forced 
from the container. This makes it possible to vary the amount 
of aerosolized insulin delivered to the patient over a wide 
range without providing a large number of different con- 
tainers. The amount of force applied to the container could 
also be varied in different ways. For example, a cam could 
be made to rotate against the container to force th fo mu 
lation from the container. If the cam were rot t 1 only 
partially then only a portion of the contents of th ont n 
would be expelled and aerosolized. Other mean to u 
lating the amount of formulation forced from th ont n 
will become apparent to those skilled in the art upon 1 n 
this disclosure. 

[0137] Conventional metered dose inhalers and n I ul z 
suffer from a number of disadvantages. These dis 1 nt 
result in the inability to use these devices to p t Uy 
deliver the same amount of drug to a patient. Th 1 In 



Case 1 :06-cv-01 896-CKK Document 27-4 Filed 04/02/2008 Page 24 of 41 



US 2002/0124852 Al 



Sep. 12, 2002 



tages are due, in part, to the inability to control particle 
size — especially when the device is used in diverse envi- 
ronments with greatly different humidity conditions or when 
differing amounts of drug are delivered into a fixed amount 
of air or similar quantities of drug are delivered into differing 
amounts of air. By adding sufScient energy to the particles 
to evaporate any carrier particle size is reduced to a uniform 
minimum and, any humidity variations do not affect particle 
variability. Further the drug dispensing device of the present 
invention preferably includes electronic and/or mechanical 
components which eliminate direct user actuation of drug 
release. More specifically, the device preferably includes a 
means for measuring inspiratory flow rate and inspiratory 
volume and sending an electrical signal as a result of the 
simultaneous measurement of both (so that drug can be 
released at the same point each time) and also preferably 
includes a microprocessor which is programmed to receive, 
process, analyze and store the electrical signal of the means 
for measuring flow and upon receipt of signal values within 
appropriate limits sending an actuation signal to the 
mechanical means which causes drug to be extruded from 
the pores of the porous membrane. 

[0138] The device 40 shown in FIG. 4 is loaded with a 
disposable package 46. To use the device 40 a patient (see 
FIG. 3) inhales air from the mouthpiece 30. The air drawn 
in through the opening 38 (and optionally the desiccator 41) 
flows through the flow path 29 of the channel 11. The 
disposable package 46 is comprised of a plurality of dis- 
posable containers 1. Each container 1 includes a drug 
formulation 5 and is covered by the porous membrane 3. An 
air-heating mechanism 14 located in the flow path 29. The 
air heating mechanism 14 is preferably positioned such that 
all or only a portion of the air flowing through the path 29 
will pass by the heater, e.g., flow vent flaps can direct any 
desired portion of air through the heater 14. The heat is 
preferably turned on for 30 sec or less prior to inhalation and 
turned off after drug delivery to conserve power. 

[0139] The device 40 is a hand-held, portable device 
which is comprised of (a) a device for holding a disposable 
package with at least one but preferably a number of drug 
containers, and (b) a mechanical mechanism for forcing the 
contents of a container (on the package) through a porous 
membrane. The device preferably further includes (c) a 
heating mechanism for adding energy to the air flow into 
which particles are released, (d) a monitor for analyzing the 
inspiratory flow of a patient, (e) a switch for automatically 
releasing or firing the mechanical means after the inspiratory 
flow rate and/or volume reaches a predetermined point (f) a 
means for measuring ambient temperature and humidity and 
(g) a source of power e.g., conventional batteries. 

[0140] The device for holding the disposable package may 
be nothing more than a narrow opening created between two 
outwardly extending bars 42 and 82 or may include addi- 
tional components such as one or more wheels, sprockets or 
rollers notably mounted on the end(s) of such bars. The 
rollers may be spring mounted so as to provide constant 
pressure against the surface(s) of the package. The device 
may also include a transport mechanism which may include 
providing drive power to the roller(s) so that when they are 
rotated, they move the package from one container to the 
next. The power source 43 driving the roller(s) is pro- 
grammed via the microprocessor 26 to rotate the rollers only 
enough to move the package 39 from one container 1 to the 



next. In order to use the device 40, the device 40 must be 
"loaded," i.e. connected to a package 39 which includes drug 
dosage units having liquid, flowable formulations of phar- 
maceutically active insulin therein. The entire device 40 is 
self-contained, light weight (less than 1 kg preferably less 
than 0.5 kg loaded) and portable. The power source 43 is 
preferably in the form of standard alkaline batteries. Two 9 
volt batteries could supply the heat required to heat the air 
which contacts the particles by about 20.degree. C. for about 
100 doses (see FIGS. 5 and 6 re energy required) 
[0141] The formulation is preferably heated after the for- 
mulation has been forced through the pores of the membrane 
3 and aerosolized i.e., energy is preferably added by heating 
the surrounding air by means of the air-heating mechanism 
14 positioned anywhere within the flow path 29. The amount 
of energy added by the formulation heating mechanism 45 
or air-heating mechanism 5 is controlled by the micropro- 
cessor 26 based on the amount of formulation in the con- 
tainer 1 and other factors such as the concentration of the 
insulin in the formulation and surrounding humidity. A 
hygrometer 50 and thermometer 51 are electrically con- 
nected to the microprocessor 26 allowing the amount of heat 
to be added to be adjusted based on ambient humidity and 
temperature. 

[0142] The carrier may be chosen to provide for greater 
solubility of insulin in the carrier to obtain a high concen- 
tration of insulin and thus require less energy to obtain 
evaporation of the carrier. Droplets having a diameter of 6.3 
microns can be formed and subjected to evaporation to 
obtain a particle of one micron in diameter. In the respiratory 
tract this one micron particle would be expected to grow to 
a 3 micron particle due to moisture added from the high 
humidity environment of the respiratory tract. 
[0143] Energy for Evaporation 

[0144] FIG. 5 is a graph which can be used in calculating 
the amount of energy needed to control the size of delivered 
droplets by controlling the amount of evaporation of carrier 
from the aerosolized droplets. The graph of FIG. 5 contains 
two types of information, the density of evaporated water vs. 
temperature and relative humidity, and the cooling of the air 
as the water evaporates. The four lines that show a rapid 
increase with temperature portray the density of water vapor 
in air, at 25, 50, 75, and 100% relative humidity. The 100% 
relative humidity curve represents the maximum number of 
milligrams of water that can be evaporated per liter of air. 
The diagonal lines show the temperature change of the air as 
the water droplets evaporate (hereafter called the air mass 
trajectory curves). As the evaporation proceeds, the density 
and temperature will change by moving parallel to these 
curves. To calculate these curves, air density of 1.185 
grams/liter, air specific heat of 0.2401 calories/gram, and 
water latent heat of vaporization of 0.583 cal/mg were 
assumed. These values imply that a liter of air will cool 2 
Celsius degrees for every milligram of water evaporated, i.e. 
evaporating 10 micro-liters will cool a liter of air 20 Celsius 
degrees. 

[0145] FIG. 5 can be used to calculate the amount of 
preheating needed to evaporate all or substantially all of the 
carrier in the aerosolized particles. As an example, assume 
the initial ambient conditions are 25.degree. C. and 50% 
relative humidity. Further, assume that one wants to evapo- 
rate 10 .mu.l (10 mgs) of water from an aqueous drug 
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solution. Finally, assume the final relative humidity is 75%. 
Under these conditions the aqueous carrier would not evapo- 
rate completely. More specifically, the final particles would 
contain approximately equal amounts of drug and water. To 
calculate the amount of energy to add for this delivery refer 
to FIG. 5. Locate the point corresponding to 25.degree. C. 
and 50% relative humidity. Move up by 10 milligrams, the 
amount of water to be evaporated. Now move to the left until 
the 75% RH curve is crossed. This occurs at about 
29.degree. C. These conditions (75% RH and 29.degree. C.) 
represent the condition of the air as delivered to the patient. 
However, still more energy must be added to make up for the 
cooling of the air as the water evaporates. To calculate this 
amount of heat, move parallel to the air mass trajectory 
curves (downward and to the right) until the initial ambient 
water vapor density is reached, at approximately 47.degree. 
C. Thus, sufScient heat to warm the air by 22.degree. C. 
must be added to achieve near complete evaporation. 

[0146] FIG. 6 includes similar information with respect to 
ethanol which can be used in a similar manner. FIG. 5 shows 
the density of water vapor in air at 25, 50 and 75. degree. C. 
and 100% saturation with the air mass trajectory during 
evaporation also shown. The same is shown in FIG. 6 for the 
density of ethanol in air. 

[0147] The evaporation and growth rates of aqueous drop- 
lets is a function of their initial diameter, the amount of drug 
dissolved therein (concentration) and the ambient relative 
humidity. The determining factor is whether the water vapor 
concentration at the surface of the droplet is higher or lower 
than that of the surrounding air. Because the relative humid- 
ity at the surface of a particle (i.e. droplet of aerosolized 
formulation) is close to 100% for all the low concentration 
formulations, a five micron droplet will evaporate to a 1 
micron dry particle in 0% humidity in less than 20 ms. 
However, if a particle of drug 1 micron diameter is inhaled 
into the lungs (99.5% humidity) it can grow to about 3 
microns in diameter in approximately one second by accu- 
mulating water from the humid lung environment. 

[0148] Desiccator 

[0149] The opening 38 may have a desiccator 41 posi- 
tioned therein which desiccator includes a material which 
removes water vapor from air being drawn into the flow path 
29. By reducing or more preferably eliminating water vapor 
from the air any water in particles of formulation can be 
more efSciently evaporated. Further, the particles delivered 
to the patient will have a smaller and more uniform size 
whether or not energy is added to cause evaporation of water 
from the particles of the formulation. 

[0150] The device may include a mouth piece 30 at the end 
of the flow path 29. The patient inhales from the mouth piece 
30 which causes an inspiratory flow to be measured by flow 
sensor 31 within the flow path which path may be, and 
preferably is, in a non-linear flow-pressure relationship. This 
inspiratory flow causes an air flow transducer 37 to generate 
a signal. This signal is conveyed to a microprocessor which 
is able to convert, continuously, the signal from the trans- 
ducer 37 in the inspiratory flow path 29 to a flow rate in liters 
per minute. The microprocessor 26 can further integrate this 
continuous air flow rate signal into a representation of 
cumulative inspiratory volume. At an appropriate point in 
the inspiratory cycle, the microprocessor can send a signal 
to send power from the power source 43 to the air-heating 



mechanism 14 which uses information from the hygrometer 
50, thermometer 51 and particle size and amount of formu- 
lation. The microprocessor also sends a signal to an actuator 
which causes the mechanical means (e.g., the piston 24) to 
force drug from a container of the package into the inspira- 
tory flow path 29 of the device and ultimately into the 
patient's lungs. After being released, the drug and carrier 
will pass through a porous membrane 3 to aerosolize the 
formulation and thereafter enter the lungs of the patient. 

[0151] When the formulation 5 includes water as aU or 
part of the carrier it is also desirable to include a desiccator 
41 within the flow path 29. The desiccator 41 is preferably 
located at the initial opening 38 but maybe located else- 
where in the flow path 29 prior to a point in the flow path 
when the formulation is fired into the flow path in the form 
of aerosolized particles. By drawing air through the desic- 
cator 41 water vapor within the air is removed in part or 
completely. Therefore, only dried air is drawn into the 
remainder of a flow path. Since the air is completely dried 
water carrier within the aerosolized particles will more 
readily evaporate. This decreases the energy needs with 
respect to the heating devices 14. The desiccator material 
can be any compound which absorbs water vapor from air. 
For example, it may be a compound selected from the group 
consisting of P2O5, Mg(C104), KOH, H^ SO4, NaOH, CaO, 
CaCl2, ZnCl2, and CaS04. 
[0152] Convex/Flexible Porous Membrane 
[0153] As shown in FIG. 3 the convex shape that the 
flexible membrane 3 takes on during use plays an important 
role. The membrane may be rigid and convex such as the 
rigid convex membrane 80 shown in FIG. 8. Alternatively, 
formulation 5 is forced from the container 1 by force applied 
from a source such as the piston or plate 24 causing the 
formulation 5 to press against a flexible membrane 3 causing 
it to convex outward beyond the plan of the resting surface 
of the membrane 3 and beyond the plan of the inner surface 
of the channel 11 which is aligned with the surface or 
membrane 3 when the container 1 is in a drug release 
position. The convex shape of the membrane 3 is shown in 
FIG. 3. The convex upward distortion of the membrane is 
important because it positions the pores of the membrane 
beyond the boundary layer 13 (shown in FIG. 3) into faster 
moving air of the channel 29. A number of containers may 
be connected together to form a package 46 as is shown in 
FIG. 7. The package 8 is in the form of an elongated tape 
but can be in any configuration, e.g., circular, square, 

[0154] When pores of the membrane 3 are positioned 
beyond the boundary layer into the faster moving air of the 
channel advantages are obtained. Specifically, the (1) for- 
mulation exiting the pores is moved to an air stream where 
it can be readily carried to the patient and (2) the particles 
formed do not exit into slow moving or "dead" air and thus 
do not rapidly decelerate to a degree such that particles 
behind them catch up with, collide into and merge with the 
particle. Particle collisions are not desirable because they (a) 
result in particles which are too large and cannot be efS- 
ciently inhaled into the lung; and (b) result in an aerosol with 
diverse and unpredictable particle sizes. Either or both (a) 
and (b) can result in erratic dosing. 

[0155] The air-heating mechanism 14 heats the surround- 
ing air within the flow path 29. This causes carrier in the 
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formulation to be evaporated more readily. If sufficient heat 
is added the only material reaching the patient is the sub- 
stantially dry insulin drug. 

[0156] The methodology of the present invention could be 
carried out with a device that obtains power from a plug-in 
source. However, the device is preferably a self-contained, 
hand-held device which is battery powered. Heating mecha- 
nisms of various types can be used. For example, see the 
heating mechanism in the self-contained, portable sealer for 
plastic colostomy bags in French patent 2,673,142 which is 
incorporated herein by reference. A portable heater is also 
taught in European patent applications 0,430,566 A2 for a 
"Flavor delivering article" and 0,358,002 for "Smoking 
articles utilizing electric energy," both of which are incor- 
porated herein by reference to disclose and describe heating 
components powered by batteries. 
[0157] Supplemental Treatment Methodology 

[0158] Patients suffering from diabetes mellitus may be 
treated solely with insulin as indicated above. However, it is 
possible to treat such patients with a combination of insulin 
and other drugs such as sulfonylureas which act primarily by 
stimulating release of insulin from the beta cells in the 
pancreas. These drugs have the ability of increasing the 
number of insulin receptors in target tissues and enhance 
insulin-mediated glucose disposal. Some specific sulfony- 
lurea drugs which can be used in connection with the present 
invention include acetohexamide administered in an amount 
of about 500 to 1,500 mg per day; chlorpropamide, admin- 
istered in an amount of about 50 to 750 mg per day; 
tolazamide, administered in an amount of about 0.1 to 1 
gram per day; tolbutamide, administered in an amount of 
about 0.5 to 3 grams per day; glipzide administered in an 
amount of about 2.5 to 40 mg per day and glyburide 
administered in an amount of about 1.25 to 20 mg per day. 

[0159] In patients who are producing some insulin, the 
sulfonylurea drugs may be sufficient to treat the symptoms. 
Other patients can use a combination of the drugs while 
administering insulin, while still others require only the 
administration of insulin. The present invention is beneficial 
to each type of patient. Further, the present invention allows 
means for eliminating the need for some patients to take 
insulin by injection. The patients can be provided with oral 
doses of sulfonylureas in amounts similar to those indicated 
above while administering small amounts of insulin via the 
intrapulmonary route using the device of the present inven- 
tion. In accordance with one method of the invention, the 
patient is administered a sulfonylurea drug orally and that 
treatment is supplemented with insulin administration in 
relatively small amounts, e.g., five to ten units per dosing 
event with two to three dosing events per day. Alternatively, 
the patient is primarily treated by the administration of 
insulin via the intrapulmonary route and that treatment is 
supplemented by the oral administration of sulfonylureas of 
the type described above. 

[0160] Based on the above, it will be understood by those 
skilled in the art that a plurality of different treatments and 
means of administration can be used to treat a single patient. 
For example, a patient can be simultaneously treated with 
insulin by injection, insulin via intrapulmonary administra- 
tion in accordance with the present invention, and sulfony- 
lurea drugs, which are orally administered. Benefits can be 
obtained by the oral administration of sulfonylurea drugs in 



that the insulin is naturally released by the patient in a 
fashion in accordance with real needs related to serum 
glucose levels. This natural insulin is supplemented by 
smaller doses provided by intrapulmonary administration in 
accordance with the present invention. Should such prove to 
be ineffective for whatever reason, such as breathing diffi- 
culties, such could be supplemented by administration via 
injection. 

[0161] Drug Delivery Device 

[0162] The device preferably includes a means for record- 
ing a characterization of the inspiratory fiow profile for the 
patient which is possible by including a microprocessor 26 
in combination with a read/write memory means and a flow 
measurement transducer. By using such devices, it is pos- 
sible to change the firing threshold at any time in response 
to an analysis of the patient's inspiratory flow profile, and it 
is also possible to record drug dosing events over time. In a 
particularly preferred embodiment the characterization of 
the inspiratory flow can be recorded onto a recording means 
on the disposable package. 

[0163] FIG. 4 shows a cross-sectional plan view of a hand 
held, self-contained, portable, breath-actuated inhaler device 
40 of the present invention. The device 40 is shown with a 
holder 20 having cylindrical side walls and a hand grip 21. 
The holder 20 is "loaded" in that it includes a container 1. 
A plurality of containers 1 (2 or more) are preferably linked 
together to form a package 46. 

[0164] The embodiment shown in FIG. 4 is a simple 
version of the invention. The device 40 may be manually 
actuated and loaded. More specifically, the spring 22 may be 
compressed by the user until it is forced down below the 
actuation mechanism 23. When the user pushes the actuation 
mechanism 23 the spring 22 is released and the mechanical 
means in the form of a plate 24 is forced upward against a 
wall 2 of a container 1. Alternatively, a rotating cam (not 
shown) may be turned by an electric motor to crush the 
container 1 and force the contents 5 out via a membrane 3. 
The amount of force applied (and rate of force applied by 
adjusting the length of piston stroke) can be adjusted to 
expel all of the contents or, in certain situations, only a 
portion of the contents e.g., 25%. When the container 1 is 
compressed its contents are forced out through the mem- 
brane 3 and aerosolized and the container and membrane are 
discarded — not reused. Two additional containers 1 shown 
to the left are unused. The device of FIG. 4 would not 
require the use of low boiling point propellants such as low 
boiling point fluorocarbons. Numerous additional features 
and advantages of the present invention can be obtained by 
utilizing the monitoring and electronic components 
described below. 

[0165] It is important to note that a variety of devices can 
be used in order to carry out the methodology of the present 
invention. However, the device must be capable of aero- 
solizing a drug formulation in a container and preferably 
does such by forcing formulation through a porous mem- 
brane with the release point based on pre-programmed 
criteria which may be mechanically set or electronically set 
via criteria readable by the microprocessor 26. The details of 
the microprocessor 26 and the details of other drug delivery 
devices which include a microprocessor and pressure trans- 
ducer of the type used in connection with the present 
; described and disclosed within U.S. Pat. No. 
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5,404,871, issued Apr. 11, 1995, entitled "Delivery of Aero- 
sol Medications for Inspiration" which patent is incorpo- 
rated in its entirety herein by reference, and it is specifically 
incorporated in order to describe and disclose the micropro- 
cessor and program technology used therewith. The pre- 
programmed information is contained within a nonvolatile 
memory which can be modified via an external device. In 
another embodiment, this pre-programmed information is 
contained within a "read only" memory which can be 
unplugged from the device and replaced with another 
memory unit containing different programming information. 
In yet another embodiment, microprocessor 26, containing 
read only memory which in turn contains the pre-pro- 
grammed information, is plugged into the device. For each 
of these three embodiments, changing the programming of 
the memory device readable by microprocessor 26 will 
radically change the behavior of the device by causing 
microprocessor 26 to be programmed in a different manner. 
This is done to accommodate different drugs for different 
types of treatment. 

[0166] Microprocessor 26 sends signals via electrical con- 
nection 27 to electrical actuation device 28 which actuates 
the means 23 which fires the mechanical plate 24 forcing 
drug formulation in a container 1 to be aerosolized so that an 
amount of aerosolized drug is delivered into the inspiratory 
flow path 29 when the flexible membrane 3 protrudes 
outward through the flow boundary layer. A signal is also 
sent to the heater 14 to add heat energy to the air in the flow 
path 29. The device 28 can be a solenoid, motor, or any 
device for converting electrical to mechanical energy. Fur- 
ther, microprocessor 26 keeps a record of all drug dosing 
times and amounts using a read/write non-volatile memory 
which is in turn readable by an external device. Alterna- 
tively, the device records the information onto an electronic 
or magnetic strip on the package 1. The recorded informa- 
tion can be read later by the care-giver to determine the 
effectiveness of the treatment. In order to allow for ease of 
use, it is possible to surround the inspiratory flow path 29 
with a mouth piece 30. 

means 28 is in electrical 
r 31 which is capable of 
measuring a flow rate of about to about 800 liters per 
minute. It should be noted that inhalation flow rates are less 
than exhalation rates, e.g. max for inhalation 200 1pm and 
800 1pm for exhalation. A variety of different types of flow 
sensors may be used as per U.S. Pat. No. 5,394,866, issued 
Mar. 7, 1995, U.S. Pat. No. 5,404,871, issued Apr. 11, 1995 
and U.S. Pat. No. 5,450,336, issued Sep. 12, 1995, which are 
incorporated herein by reference. The flow sensor 31 
includes screens 32, 33 and 34 which are positioned approxi- 
mately Vi" apart from each other but may be comprised of a 
single screen or include a non-linear flow path. It is prefer- 
able to include the desiccator 41 at a point prior to the 
screens 32, 33 and 34 in the flow path so that the elimination 
of water vapor is considered in any measurement. 

[0168] As shown in FIG. 4 the flow sensor 31 is made up 
of a number of components including the transducer 37 and 
the individual screens 32, 33 and 34. Information from 
sensor 31 is conveyed via the connecting line 39 to the 
microprocessor 26. In order to carry out the inhale-exhale 
maneuver of the invention it is preferable to use the sensor 
31 in connection with the microprocessor 26 which can 
signal the patient that a maximal inhale i 



maximal exhale maneuver has been correctly accomplished. 
The signal can be an audio signal, visual signal, or both. For 
example, the device can issue a sound when the device has 
sensed that a maximal inhale maneuver has been accom- 
plished or flash a green light. If the inhale maneuver was not 
sensed to be a maximal maneuver the sound will not actuate 
and the light will not go on or will be a red light. The same 
is true with respect to the exhale maneuver. The device can 
be individually set for each patient in that each patient will 
have a different lung volume and rate at which that lung 
volume can be inhaled and exhaled. Preferably, the device is 
individually set by the caregiver. However, devices may be 
preset for individuals which are judged to have lung vol- 
umes of particular sizes e.g., 3 liters, 4 liters, 5 liters, 6 liters 
in total lung volume. The device can be used to (1) coach a 
patient to correctly perform the inhale-exhale maneuver, (2) 
deliver drug or (3) both (1) and (2). 

[0169] Tubes 35 and 36 open to the area between the 
screens 32, 33 and 34 with the tubes 35 and 36 being 
connected to a conventional differential pressure transducer 
37. Another transducer designed to measure outflow through 
the opening 38 is also preferably included or the flow sensor 
31 is designed so that the same components can measure 
inflow and outflow. When the user draws air through inspira- 
tory flow path 29, air is passed through the screens 32, 33 
and 34 and the air flow can be measured by the differential 
air pressure transducer 37. Alternatively, other means to 
measure pressure differential related to air flow, such as a 
conventional measuring device in the air way, may be used. 
The flow sensor 31 is in connection with the electrical 
actuation means 28 (via the connector 39 to the processor 
26), and when a threshold value of air flow is reached (as 
determined by the processor 26), the electrical actuation 
means 28 fires the release of a mechanical means 23 
releasing the plate 24 which forces the release of formula- 
tion from a container 1 so that a controlled amount of insulin 
is delivered to the patient. The microprocessor 26 is option- 
ally connected to an optionally present vibrating device 45 
which may be activated. 
[0170] Vibration Device 

[0171] The vibration device 45 creates ultrasonic vibra- 
tions which are preferably at right angles to the plane of the 
membrane 3. The device 45 may be in the form of a 
piezoelectric ceramic crystal or other suitable vibration 
mechanism. A vibrating device 45 in the form of a piezo- 
electric crystal may be connected to the porous membrane 
by means of an attenuator horn or acoustic conduction 
mechanism, which when correctly matched with the piezo- 
electric crystal frequency, efSciently transmits ultrasonic 
oscillations of the piezoelectric crystal to the resonance 
cavity and the porous polycarbonate membrane and if sized 
correctly permits the ultrasonic energy to be focused in a 
polycarbonate membrane 3 allowing for maximum use of 
the energy towards aerosolizing the liquid formulation 5. 
The size and shape of the attenuator horn is not of particular 
important. It is preferred to maintain a relatively small size 
in that the device is hand held. The components are chosen 
based on the particular material used as the porous material, 
the particular formulation used and with consideration of the 
velocity of ultrasonic waves through the membrane to 
achieve a harmonic relationship at the frequency being used. 
[0172] A high frequency signal generator drives the piezo- 
electric crystal. This generator is capable of producing a 
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signal having a frequency of from about 575 kilohertz (Khz) 
to about 32,000 kilohertz, preferably 1,000 to 17,000 kilo- 
hertz, more preferably 2,000 to 4,000 kilohertz. The power 
output required depends upon the amount of liquid being 
nebulized per unit of time and the area and porosity of the 
membrane (generally comprised of a polymeric plastic-like 
material) used for producing the drug dosage unit and/or the 
efSciency of the connection. 

[0173] Vibration is applied while the formulation 5 is 
being forced from the pores of the polycarbonate membrane 
3. The formulation can be aerosolized with only vibration 
i.e., without applying pressure. Alternatively, when vibration 
is applied in certain conditions the pressure required for 
forcing the liquid out can be varied depending on the liquid, 
the size of the pores and the shape of the pores but is 
generally in the r n of I out 50 to 600 p p t I ly 100 
to 500 psi and m y I h 11 y u n p ton oil 
bellows, a blast of to 1 omp 1 o oth u t U 

device. The vib t on t qu n y u 1 n 1 th p u 
applied can be v 1 1 p n 1 n on th o ty of th 

Hquid being fore 1 out n 1 th 1 m t n 1 1 n th of th 
openings or pore 

[0174] It is de U to to to mul t on th ou h th 
porous membran w th It ly low p u p 

sure less than 500 p n th t low p u lu th 

chance of break n th m ml n lu n th 1 of 

formulation and m k t po U to m k th nn mm 
brane. The thinne m ml n m k t to m k m 11 

holes in that the holes or pores of the membrane are created 
using a focussed LASER. It is possible to reduce the 
pressure further by making the holes conical in cross- 
section. A LASER with a conical focus is used to burn holes 
through the membrane. The larger diameter of the conical 
shape is positioned next to the formulation and the smaller 
diameter opening is the opening through which the formu- 
lation ultimately flows. The ratio of the smaller opening to 
the diameter of the larger opening is in the range of about 1:2 
to about 1:20 i.e., the larger opening is between 2 and 20 
times the diameter of the smaller opening. By creating 
conical openings wherein the smaller end of the cone has a 
diameter of less than 6 microns it is possible to produce 
particles which have a diameter of less than 12 microns and 
it is also possible to force the formulation through the pores 
using a pressure of less than 500 psi. The small end of the 
conical opening preferably has a diameter of less than 3 
microns for systemic delivery and less than 5 microns for 
pulmonary delivery and the pressure used for forcing for- 
mulation through the pores is preferable less than 350 psi. 

[0175] When small aerosolized particles are forced into 
the air, the particles encounter substantial frictional resis- 
tance. This may cause particles to slow down more quickly 
than desired and may result in particles colliding into each 
other and combining, which is undesirable with respect to 
maintaining the preferred particle size distribution within the 
aerosol. In order to aid in avoiding the particle collision 
problem, it is possible to include a means by which air flow 
and the flexible membrane 3 prevent collisions. Specifically, 
the patient inhales thereby creating an air flow toward the 
patient over the protruding membrane 3. The air flow carries 
the formed particles along and aids in preventing their 
collision with each other. The shape of the container open- 
ing, the shape of the membrane covering that opening, as 
well as the positioning and angling of the flow of air through 



the channel 11 relative to the direction of formulation exiting 
the pores of the membrane 3 can be designed to aid in 
preventing particle collision. It is desirable to shape the 
opening and matching membrane so as to minimize the 
distance between any edge of the opening and the center of 
the opening. Accordingly, it is not desirable to form a 
circular opening which would maximize the distance 
between the outer edges of the circle and the center of the 
circle, whereas it is desirable to form an elongated narrow 
rectangular opening covered by a rigid membrane 80 as 
shown in FIG. 8. Using such a configuration makes it 
possible to better utilize the air flow relative to all of the 
particles of formulation being forced form the pores of the 
membrane 3. When a circular opening is used, particles 
which are towards the center of the circle may not be carried 
along by the air being drawn over the membrane 3 and will 
collide with each other. The elongated rectangle could be 
formed in a circle, thereby providing an annular opening and 
air could be forced outward from the outer and inner edges 
of the circle formed. Further details regarding such are 
described in U.S. patent application Ser. No. 08/247,012, 
filed May 20, 1994 which is incorporated herein by refer- 
ence to disclose and describe such. 

[0176] Operation of the Device 40 

[0177] The device of FIG. 4 shows all of the components 
present within the single, hand-held, portable breath actu- 
ated device, e.g. the microprocessor 26 and flow sensor 31 
used to provide the electronic breath actuated release of 
drug. The device of FIG. 4 includes a holding means and 
mechanical means and preferably operates electronically, 
i.e. the actuation means is preferably not directly released by 
the user. The patient inhales through inspiratory flow path 29 
which can form a mouth piece 30. Air enters the device via 
the opening 38. The inhaling is carried out in order to obtain 
a metering event using the differential pressure transducer 
37. Further, when the inspiratory flow meets a threshold of 
a pre-programmed criteria, the microprocessor 26 sends a 
signal to an actuator release electrical mechanism 28 which 
actuates the mechanical means 23, thereby releasing a spring 
22 and plate 24 or equivalent thereof, forcing aerosolized 
formulation into the channel 11, and out of the membrane 3 
into the flow path 29 where the air surrounding the particles 
is optionally heated by the air heater 14. Further details 
regarding microprocessors 26 of FIG. 4 are described within 
U.S. Pat. No. 5,394,866, issued Mar. 7, 1995, entitled "An 
automatic Aerosol Medication Delivery System and Meth- 
ods", which is incorporated herein by reference in its 
entirety and specifically incorporated in order to describe 
and disclose flow measurements, the microprocessor and 
program technology used therewith. 

[0178] Microprocessor 26 of FIG. 4 includes an external 
non-volatile read/write memory subsystem, peripheral 
devices to support this memory system, reset circuit, a clock 
oscillator, a data acquisition subsystem and a visual annun- 
ciator subsystem. The discrete components are conventional 
parts which have input and output pins configured in a 
conventional manner with the connections being made in 
accordance with instructions provided by the device manu- 
facturers. The microprocessor used in connection with the 
device of the invention is designed and programmed spe- 
cifically so as to provide controlled and repeatable amounts 
of insulin to a patient upon actuation. The microprocessor 
must have sufficient capacity to make calculations in real 
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time. Adjustments can be made in the program so that when 
the patient's inspiratory flow profile is changed such is taken 
into consideration. This can be done by allowing the patient 
to inhale through the device as a test (monitoring event) in 
order to measure air flow with preferred drug delivery points 
determined based on the results of several inhalations by 
each particular patient. This process can be readily repeated 
when the inspiratory flow profile is changed for whatever 
reason. When the patient's lung function has decreased the 
program will automatically back down in terms of the 
threshold levels required for release of drug. This "back 
down" function insures drug delivery to a patient in need but 
with impaired lung function. Determination of optimal drug 
delivery points in the inspiratory flow can be done at each 
dosing event, daily, weekly, or with the replacement of a new 
cellular array in the device. 

[0179] The microprocessor 26 of the present invention, 
along with its associated peripheral devices, can be pro- 
grammed so as to prevent triggering the actuation mecha- 
nism 28 more than a given number of times within a given 
period of time. This feature makes it possible to prevent 
overdosing the patient. The overdose prevention feature can 
be particularly designed with each individual patient in mind 
or designed with particular groups of patients in mind. For 
example, the microprocessor can be programmed so as to 
prevent the release of more than approximately 30 units of 
insulin per day when the patient is normally dosed with 
approximately 25 units of insulin drug per day. The device 
can be designed to switch off this lock-out function so that 
insulin can be delivered in an emergency situation. 

[0180] The device can be used as a sensor alone. More 
specifically, the insulin can be inhaled from a separate 
device such as from a dry powder inhaler. Thereafter, the 
sensor portion of the device is made use of in order to 
perform the inhale-exhale maneuver of the invention The 
inhale-exhale maneuver of the invention can be performed a 
plurality of times at different timed intervals after the 
delivery of aerosolized insulin. The inhale-exhale maneuver 
can be carried out at anytime after delivery as needed by the 
patient to reduce glucose levels. In one embodiment the 
inhale-exhale maneuver is performed at 20 minutes and 
again at 40 minutes after aerosolized delivery of insulin 
However, the maneuver can be performed at 1 minute 
intervals, 5 minute intervals, 10 minute intervals, 20 minute 
intervals, or 30 minute intervals after delivery of an aero- 
solized dose of insulin. 

[0181] The microprocessor 26 of the invention can be 
connected to external devices permitting external informa- 
tion to be transferred into the microprocessor of the inven- 
tion and stored within the non-volatile read/write memory 
available to the microprocessor. The microprocessor of the 
invention can then change its drug delivery behavior based 
on this information transferred from external devices. All of 
the features of the invention may be provided in a portable, 
programmable, battery-powered, hand-held device for 
patient use which has a size which compares favorably with 
existing metered dose inhaler devices. 

[0182] The microprocessor 26 of the present invention is 
programmed so as to allow for monitoring and recording 
data from the inspiratory flow monitor without delivering 
drug. This is done in order to characterize the patient's 
inspiratory flow profile in a given number of monitoring 



events, which monitoring events preferably occur prior to 
dosing events. After carrying out a monitoring event, the 
preferred point within the inspiratory cycle for drug delivery 
can be calculated. This calculated point is a function of 
measured inspiratory flow rate as well as calculated cumu- 
lative inspiratory flow volume. This information is stored 
and used to allow activation of the electronic actuation 
means when the inhalation cycle is repeated during the 
dosing event. 

[0183] Treatment via Insulin Analogs 

[0184] The methodologies of the present invention can be 
carried out using any type of insulin, although they are 
preferably carried out using recombinantly produced human 
insulin. Insulin extracted from animal sources such as 
bovine or porcine sources can be used. More recently, 
insulin analogs have been developed. More specifically, 
novel peptides have been developed wherein the amino acid 
sequence of the peptides is substantially the same as the 
amino acid sequence of naturally occurring human insulin 
but for small changes substituting one amino acid for 
another. These small changes can have important physi- 
ological effects with respect to the treatment of diabetes. 

[0185] Other general types of insulin analogs are presently 
used. One type of new analog is sold by Lilly under the name 
insulin lispro and this analog is absorbed faster after sub- 
cutaneous in]ection Another type of insulin analog is 
referred to as superactive insulin. In general, superactive 
insulin has increased activity over natural human insulin. 
Accordingly, such insulin can be administered in substan- 
tially smaller amounts while obtaining substantially the 
same effect with respect to reducing serum glucose levels. 
Another general type of analog is referred to as hepatospe- 
cific insulin. Heptatospecific insulin analogs are more active 
in the liver than in adipose tissue and offer several advan- 
tages over currently available insulin therapy. Hepatospe- 
cific analogs provide preferential hepatic uptake during 
peripheral subcutaneous administration, thereby mimicking, 
more closely, the metabolic balance between the liver and 
the peripheral tissues. Obtaining the correct metabolic bal- 
ance IS an important part of proper treatment of diabetics and 
administration via the intrapulmonary route should provide 
advantages over intermuscular injection with respect to 
obtaining such a balance. It may be desirable to include 
mixtures of conventional insulin with insulin lispro or with 
insulin which is hepatospecific and/or with superactive 
insulin analogs. Hepatospecific analogs are disclosed and 
described within pubHshed PCT appHcation WO90/12814, 
published Nov. 1, 1990, which application is incorporated 
herein by reference for its disclosure of such hepatospecific 
insulin analogs and in order to disclose other information 
cited within the other publications referred to within WO90/ 
12814. 

[0186] U.S. patent appHcation Ser. No. 074,558 discloses 
a superactive human insulin analog, [10-Aspartic Acid-B] 
human insulin, which has increased activity over natural 
human insulin. Specifically, [10-Aspartic Acid-B] human 
insulin was determined to be 4 to 5 times more potent than 
natural insulins. U.S. patent application Ser. No. 273,957 
and International Application Serial No. PCT/US88/02289 
disclose other superactive insulin analogs, despentapeptide 
(B26-B30)-[Asp°^°, Tyr°^^-a-carboxamide] human insulin, 
(B26-B30)-[Glu°^°, Tyr°^^-a-carboxamide] human insulin. 
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and further insulin analogs of the formula des(B26-B30)- 
[X.°^°, Tyr^^^-a-carboxamide] human insulin, in which X is 
a residue substituted at position 10 of the B chain. These 
insulin analogs have potencies anywhere from 11 to 20 times 
that of natural human insulin. All of the above-described 
insulin analogs involve amino acid substitutions along the A 
or B chains of natural human insulin, which increase the 
potency of the compound or change other properties of the 
compound. 

[0187] Other than insulin lispro, the insulin analogs are 
not presently used for the treatment of patients on a com- 
mercial scale. However, insulin lispro and other insulin 
analogs being developed could be used with the present 
invention in that the present invention can be used to provide 
variable dosing in response to currently measured serum 
glucose levels. Further, since many insulin analogs are more 
potent than conventional insulin, their delivery via the 
intrapulmonary route is particularly convenient. 

[0188] Method of Administration 

[0189] The effect on repeatability of dosing due to the total 
inhaled volume is dramatically shown within FIGS. 9, 10, 
and 11. 

[0190] Specifically, FIG. 9 shows that the glucose plasma 
response after administration by inhalation closely tracts that 
of subcutaneous administration. The graph shows adminis- 
tration when a high volume (H) of air is inhaled and when 
a low volume (L) of air is inhaled. The data shown in FIGS. 
9, 10, and 11 is data resulting from administration to five 
healthy male volunteers with the high volume inhalation 
representing an inhalation of approximately 4 liters and the 
low volume inhalation representing an inhalation of approxi- 
mately 1.8 Hters. As shown in FIG. 9 there are some 
differences between the plasma glucose response obtained 
between the inhalation delivery depending on whether the 
patient fully inhaled (high volume inhalation) as compared 
to only a partial inhalation (low volume inhalation). The 
serum insulin profile shown within FIG. 10 also demon- 
strates a difference between the effect obtained depending on 
whether the inhalation was complete (high volume) or 
partial (low volume). The different effect obtained between 
high and low volume in total inhaled volume is more 
dramatically shown over the shorter time period of FIG. 11. 

[0191] The difference between the serum insulin profile 
obtained depends on whether the patient delivers a high 
volume maneuver or a low volume maneuver when inhaling 
insulin. Understanding that this difference exists and 
accounting for such is important in order to obtain repeat- 
able doses. Using the present invention it is possible to 
measure the total volume of air inhaled. The patient is 
instructed specifically to inhale maximally, i.e., continue 
inhaling to the maximum extent after drug is administered. 
The patient will always be on the high volume curve and the 
amount of insulin being delivered to the patient can be 
readily determined. It is also possible to instruct the patient 
to inhale to a given point after which the device is set to 
prevent further inhalation. This would place the patient on 
the low volume curve as per the figures. Although this would 
be less efficient the repeatability of dosing could be 
obtained. 



[0192] Another advantage of the present ii 

matically shown within FIG. 12. Specifically, as shown 



within FIG. 12 when inhalation is used for insulin delivery 
the amount of insulin available to the patient actually 
exceeds that of subcutaneous administration during the first 
ten minutes. Thus, if the patient needs insulin quickly 
administering such by inhalation is very effective. As shown 
within FIG. 12 the bioeffectiveness of the inhaled delivery 
is less than that of subcutaneous administration after ten 
minutes and continually less thereafter. 
[0193] The method of the invention involves the release of 
a liquid, flowable insulin formulation from individual dis- 
posable containers which may be interconnected in a pack- 
age This is desirable in that the liquid, flowable drug is 
packaged under a sterile environment and therefore does not 
require and preferably does not include additional materials 
such as antifungal, bacteriostatics, and preservatives which 
would normally be required in a liquid formulation if the 
formulation was to be opened, exposed to air, closed and 
later used again. Anew container and membrane are used for 
each release of drug. Thus, the membrane and container are 
disposable thereby preventing clogging of pores which takes 
place with reuse. In order to prevent clogging it is preferable 
to use a prefilter. The prefilter has a much higher porosity 
than the porous membrane nozzle but includes a much 
smaller hole. Thus, the prefilter will filter out any particles 
within the formulation but allow the formulation to move 
freely through the filter. A container with a prefilter included 
therein is disclosed within U.S. patent application Ser. No. 
08/804,041 filed Feb. 24, 1997 which application is incor- 
porated herein by reference to disclose containers and spe- 
cifically the prefilter used in connection with such contain- 
ers. When administering drug using the inhalation device of 
the present invention, the entire dosing event can involve the 
administration of anywhere from 10 .mu.l to 10 ml of drug 
formulation, but more preferably involves the administration 
of approximately 50 .mu.l to 1,000 .mu.l of drug formula- 
tion. Very small amounts of drug (e.g., nanogram amounts) 
may be dissolved or dispersed within a pharmaceutically 
acceptable, liquid, excipient material to provide a liquid, 
flowable formulation which can be readily aerosolized. The 
container will include the formulation having insulin therein 
in an amount of about 0.5 unit to 5 units, more preferably 
about 1 unit. The large variation in the amounts which might 
be delivered are due to different delivery efSciencies for 
different devices, formulations and different patients needs. 

[0194] The entire dosing event may involve several inha- 
lations by the patient with each of the inhalations being 
provided with drug from the device. For example, the device 
can be programmed so as to release the contents of a single 
container or to move from one container to the next on a 
package of interconnected containers. Delivering smaller 
amounts from several containers can have advantages. Since 
only small amounts are delivered from each container and 
with each inhalation, even a complete failure to deliver drug 
with a given inhalation is not of great significance and will 
not seriously disturb the reproducibility of the dosing event. 
Further, since relatively small amounts are delivered with 
each inhalation, the patient can safely administer a few 
additional units of insulin without fear of overdosing. 

[0195] In addition to drug potency and delivery efSciency, 
drug sensitivity must be taken into consideration. The 
present invention makes it possible to vary dosing over time 
if sensitivity changes and/or if user compliance and/or lung 
efSciency changes over time. 
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[0196] Based on the above, it will be understood that the 
dosing or amount of insulin actually released from the 
device can be changed based on the most immediately prior 
monitoring event wherein the inspiratory flow of a patient's 
inhalation is measured. 

[0197] One of the important features and advantages of the 
present invention is that the microprocessor can be pro- 
grammed to take a number of different criteria into consid- 
eration with respect to dosing times. For example, the 
microprocessor can be programmed so as to include a 
minimum time interval between doses i.e. after a given 
delivery another dose cannot be delivered until a given 
period of time has passed. Secondly, the timing of the device 
can be programmed so that it is not possible to exceed the 
administration of a set maximum amount of drug within a 
given time. For example, the device could be programmed 
to prevent dispersing more than ten units of insulin within 
one hour for a patient with low insulin requirements, or more 
for a patient requiring a large dose of insulin. More impor- 
tantly, the device can be programmed to take both criteria 
into consideration. Thus, the device can be programmed to 
include a minimum time interval between doses and a 
maximum amount of drug to be released within a given time 
period. For example, the microprocessor could be pro- 
grammed to allow the release of a maximum of ten units of 
insulin during an hour which could only be released in 
of one unit with each release being separated by a 



[0198] The dosing program can be designed with some 
flexibility. For example, if the patient normally requires 25 
units per day of insulin, the microprocessor can be pro- 
grammed to provide a warning after 25 units have been 
administered within a given day and to continue the warning 
thereafter to alert the user of possible overdoses. By pro- 
viding a warning and not a lock-out, the device allows for 
the patient to administer additional insulin, if needed, due to 
a decreased lung function, a different diet, and/or account for 
misdelivery of insulin such as due to coughing or sneezing 
during an attempted delivery. 

[0199] The ability to prevent overdosing is a characteristic 
of the device due to the ability of the device to monitor the 
amount of insulin released and calculate the approximate 
amount of insulin delivered to the patient based on moni- 
toring a variety of lung function parameters. The ability of 
the present device to prevent overdosing is not merely a 
monitoring system which prevents further manual actuation 
of a button. As indicated above, the device used in connec- 
tion with the present invention is not manually actuated, but 
is fired in response to an electrical signal received from a 
microprocessor (which received data from a monitoring 
device such as a device which monitors inspiratory flow) 
and allows the actuation of the device upon achieving an 
optimal point in a inspiratory cycle. When using the present 
invention, each actuation of the device will administer drug 
to the patient in that the device is fired in response to patient 
inhalation. More specifically, the preferred embodiment of 
the device does not allow for the release of insulin merely by 
the manual actuation of a button to fire a burst of insulin into 



[0200] A variety of different embodiments of the disper- 
sion device of the invention are contemplated. In accordance 
with one embodiment it is necessary to carry out manual 



cocking of the device. This means that energy is stored such 
as by retracting a spring so that, for example, a piston can be 
positioned below the drug containing container. In a similar 
manner a piston connected to a spring can be withdrawn so 
that when it is released it will force air through the air 
dispersion vents. Automatic cocking of forced storing sys- 
tems for both the drug formulation and the air flow may be 
separate or in one unit. Further, one may be manual whereas 
the other may be done automatically. In accordance with one 
embodiment the device is cocked manually but fired auto- 
matically and electronically based on monitoring the 
patients inspiratory flow. The formulation may be physically 
moved through the porous membrane in a variety of different 
ways. Formulation may be forced through the membrane by 
a piston or, without applying force to the formulation, the 
membrane being vibrated at frequencies sufScient to create 
an aerosol. A combination of forced extrusion and vibration 
could be used. As indicated above, the amount of force 
applied can be varied such as by cocking the spring to a 
greater extent to apply greater force. Applying less force will 
cause the piston to expel only a portion of the c 
contents through the porous membrane. 

[0201] The microprocessor 26 of the present i 
preferably includes a timing device. The timing device can 
be electrically connected with visual display signals as well 
as audio alarm signals. Although insulin is generally admin- 
istered as needed the timing device and microprocessor can 
be programmed so as to allow for a visual or audio signal to 
be sent to the patient at times when the patient would be 
normally expected to administer insulin. In addition to 
indicating the time of administration (preferably by audio 
signal), the device can indicate the amount of insulin which 
should be administered by providing a visual display. For 
example, the audio alarm could sound alerting the patient 
that insulin should be administered. At the same time, the 
visual display could indicate "one dosage unit" as the 
amount of drug (number of containers) to be administered. 
At this point, a monitoring event could take place. After 
completion of the monitoring event, administration would 
proceed and the visual display would continually indicate 
the remaining amount of insulin which should be adminis- 
tered. After the predetermined dose (indicated number of 
containers) had been administered, the visual display would 
indicate that the dosing event had ended If the patient did 
not complete the dosing event by administering the stated 
amount of drug, the patient would be reminded of such by 
the initiation of another audio signal, followed by a visual 
display instructing the patient to continue administration 

[0202] Additional information regarding dosing insulin 
can be found within Harrison's — Principles of Internal 
Medicine (most recent edition) and the Drug Evaluation 
Manual, 1993 (AMA — Division of Drugs and Toxicology), 
both of which are published by McGraw Hill Book Com- 
pany, New York, incorporated herein by reference to dis- 
close conventional information regarding dosing of insulin. 

[0203] Repeatable Dosing 

[0204] The device 40 schematically shown within FIG. 4 
can be specifically operated as follows. A container 1 is 
loaded into the device 6. The device is then armed meaning 
that the piston such as the spring-loaded piston 24 is cocked 
(i.e., the spring is compressed to a ready position. (The 
n be squeezed by a cam rotated by an electric 
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motor). If applicable another piston (not shown) used to 
compress the liquid formulation in a dual container system 
is cocked. Further, a container 1 of the package is moved 
into position and any cover is stripped off of the porous 
membrane 3. Thereafter, the patient withdraws air from the 
mouthpiece 30 and the patient's inhalation profile is devel- 
oped using the microprocessor 26. After the inhalation 
profile is determined, the microprocessor calculates a point 
within the inhalation profile at which the drug should be 
released in order to maximize repeatability of the dosing, 
e.g. by plotting a curve of breath velocity versus time and 
determining the point on the curve most likely to provide 
repeatability of dosing. However, in order to carry out 
methodology in accordance with the present invention it is 
not necessary to plot any curve of breath velocity versus 
time. The device can be set so that the dose will be 
repeatedly released at approximately the same point with 
respect to inspiratory flow rate and inspiratory volume. If the 
device repeatedly fires at the same inspiratory flow rate and 
inspiratory volume each time the patient will receive sub- 
stantially the same dose to the lung. Both criteria must be 
measured and used for firing to obtain repeatability. 



[0205] The microprocesso of th p 
programmed to release dm I 1 o 
following parameters: 



nl 



[0206] (1) The dev houl 11 p o mm 1 to 
measure total exhal 1 n 1 nh 1 1 olum of th 
patient. After dete m n n th p t nt tot 1 lun 
volume the device shoul 11 t to n 1 th p t nt 
to continue inhalin to th m t nt w th h 
drug delivery and p t lly th y houl 11 nil 
to continue inhaling to the maximum extent in order 
to achieve both maximum efSciency and repeatabil- 
ity of dosage. It is noted that efSciency is sacrificed 
to some extent to ensure maximum repeatability of 
dosing. 

[0207] (2) Delivery should be at an inspiratory flow 
rate inside a range of about 0.10 to about 2.0 liters 
per second (efSciency can be obtained by delivering 
at a flow rate in a range of 0.2 to about 1.8 liters per 
second and more preferably 0.15 to 1.7 liters per 
second). Repeatability of the delivery is obtained by 
releasing at substantially the same inspiratory flow 
rate at each drug release. Simultaneously, delivery 
should be at a point within a patient's inspiratory 
volume of about 0.05 to about 2.0 liters (further 
efSciency of delivery can be obtained by delivering 
within a range of 0.15 to 0.8 liters and more prefer- 
ably 0.15 to about 0.4 Hters). Repeatabflity of deliv- 
ery is obtained by delivering at the same inspiratory 
volume at each release of drug. For the present 
invention it should be noted that the total inhaled 
volume is different from the volume set for the firing 
point. As indicated here the drug should be released 
to the patient when the volume is preferably in a 
range of 0.15 to about 0.4 liters. However, after the 
drug is released at this volume point the patient 
should continue to inhale to a maximum extent, e.g., 
inhaled a total of about 4 liters in order to improve 
efSciency and repeatability of dosage. 

[0208] (3) Delivery is improved by providing a sys- 
tem which creates particles for systemic delivery 



wherein the particles are in the range of about 0.5 to 
about 12.0 microns, preferably 0.5 to 6 microns and 
more preferably 0.5 to about 3 microns. 

[0209] (4) It is desirable to have obtained a concen- 
tration of the drug in the carrier in the range of from 
about 0.01 to about 12.5% preferably 0.1 to 10%. By 
maintaining the concentration of drug to carrier in 
this range it is possible to create particles which are 
somewhat larger than would be desirable for delivery 
but to reduce those particles in size by evaporation of 

[0210] (5) Air drawn into the flow path of the aero- 
solized particles can be heated by adding energy to 
each 10 .mu.l of formulation in an amount of about 
20 Joules to 100 Joules, more preferably 20 Joules to 
50 Joules. The heated air aids in reducing the effect 
of humidity and evaporates carrier away from the 
particles thereby providing smaller particles for 
inhalation. 

[0211] (6) Air is added to the aerosolized formulation 
by the patient drawing air into the aerosolized mist in 
an amount of about 50 milliliters to 2 liters per 10 
microliters of aerosol formulation. 

[0212] (7) Vibration may be created on the porous 
membrane in an amount 575 to 32,000, preferably 
1,000 to 17,000 and more preferably 2,000 to 4,200 
kilohertz. 

[0213] (8) The pore size of a membrane is regulated 
within a range of 0.25 to about 6.0 microns, prefer- 
ably 0.5 to 3 microns and more preferably 1 to 2 
microns. This size refers to the diameter of the pore 
through which the formulation exits the membrane. 
The diameter of the opening into which the formu- 
lation flows may be 2 to 20 times that size in 
diameter thereby providing a conical configuration. 

[0214] (9) The viscosity of the formulation and the 
membrane porosity affect the amount of pressure 
which needs to be applied to force the formulation 
through the pores over a given period of time and the 
viscosity should be within the range of 25% to 
1,000% the viscosity of water. 

[0215] (10) The extrusion pressure is regulated 
within a range of 50 to 600 psi more preferably 100 
to 750 psi. Lower pressures may be obtained by 
using the conical configuration for the pore size. 

[0216] (11) The microprocessor should also be pro- 
vided information regarding the ambient temperature 
and atmospheric pressure. The temperature is pref- 
erably close to room temperature i.e., within a range 
of 15.degree. C. to 30.degree. C. An atmospheric 
pressure is generally 1 atmosphere or slightly lower 
at higher altitudes, e.g., about 75% of 1 atmosphere. 

[0217] (12) To provide for consistency in dosing the 
ratio of the carrier to drug should be maintained 
constant and more highly concentrated insulin for- 
mulation are more desirable. 

[0218] (13) A desiccator is preferably used to remove 
water vapor from air drawn into the flow path by the 
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[0219] (14) The pores are preferably placed in the 
porous membrane in an elongated oval or elongated 
rectangular configuration. By configuring the pores 
in this manner and drawing air perpendicularly over 
the narrower dimension of the configuration it is 
possible to reduce the amount of collisions between 
particles and thereby avoid particles collision result- 
ing in accumulation. 

[0220] (f5) The thickness of the membrane is pref- 
erably regulated in the range of 5 to 200 microns or 
more preferably 10 to 50 microns. Thinner mem- 
branes are useful in that less pressure is required to 
force formulation through the membrane The mem- 
brane has a tensile strength of 5,000 to 20,000, 
preferably 8,000 to 16,000 and more preferably 
14,000 to 16,000 psi. 

[0221] (16) The membrane is configured so as to 
have a convex configuration which protrudes into 
faster moving air created by the patienfs inhalation 
or is designed to be flexible so that it will assume a 
convex configuration when formulation is forced 
through the membrane. 

[0222] (17) After the microprocessor is provided 
information with respect to above parameters or 
measurements a drug release point is chosen the 
microprocessor will continually return to substan- 
tially the same firing point at each drug delivery so 
as to obtain repeatability of dosing. 

[0223] After drug has been delivered it is possible to 
discontinue any readings with respect to flow and/or vol- 
ume. However, it is preferable to continue readings with 
respect to both criteria after drug has been released. By 
continuing the readings the adequacy of this patient's par- 
ticular drug delivery maneuver can be determined. All of the 
events are recorded by the microprocessor. The recorded 
information can be provided to the caregiver for analysis. 
For example, the caregiver can determine if the patient 
correctly carried out the inhalation maneuver in order to 
correctly delivery drug and can determine if the patient's 
inhalation profile is effected by the drug. 

[0224] Monoitoring Diabetic Control 

[0225] All methods of treating diabetes involve measuring 
glucose levels in some manner. Such measurements are 
necessary in order to titrate proper dosing and avoid the 
over-administration of insulin which can result in fatal 
hypoglycemia. Measurements of urine glucose alone are 
insufficient to assess diabetic control and bring mean plasma 
glucose values into a near normal range since the during will 
be free of glucose when the plasma concentration is rela- 
tively normal. For this reason, "home glucose monitoring" is 
used in those patients treated by continuous subcutaneous 
insulin infusion (CSII) or multiple subcutaneous injection 
(MSI) techniques. Such monitoring requires capillary blood 
which can be obtained in a substantially painless manner 
using a small spring-triggered device referred to as Auto- 
let.TM. produced by Ulstr Scientific Incorporated which 
device is equipped with small disposable lancelets. The 
amount of glucose is analyzed using chemically impreg- 
nated strips which are read in a commercially available 
reflectance meter. One commercially available strip is 
referred to as Chemstrip bG (produced by Bio-Dynamics). 



The Chemstrip Bg can provide satisfactory values by visual 
inspection utilizing a dual-color scale, thus eliminating the 
need for a reflectance meter. Frequent measurement of the 
plasma glucose (a fairly standard program utilizes seven or 
eight assays over a 24-hour period) allows a reasonable 
assessment of mean plasma glucose levels during the day 
and guides adjustment of insulin dosage. 

[0226] The methodology of the present invention is pref- 
erably utilized in combination with a closely controlled 
means of monitoring serum glucose levels More specifi- 
cally, the drug delivery device of the invention is used to 
administer doses of insulin via the intrapulmonary route 
The doses may be administered in somewhat smaller 
amounts than are generally administered by in]ection The 
amount of insulin administered can be readily ad]usted in 
that smaller amounts are generally administered using the 
intrapulmonary delivery methodology of the present inven- 

[0227] After an aerosolized dose of insulin has been 
produced and inhaled into the patienfs lungs the inhale- 
exhale maneuver can be performed at any time Performing 
the maneuver provides advantages in that it increases the 
rate at which the insulin enters the circulatory system and 
thereby makes it possible to more accurately control the 
amount of additional insulin the patient might need in order 
to properly adjust the glucose level. If the maneuver is to be 
performed a greater amount of time must pass until the 
patient is sure that sufScient insulin has not already been 
absorbed. Regardless of the manner by which the insulin is 
administered i.e., by injection or inhalation there is some lag 
time between the administration of a dose of insulin and its 
effect on the serum glucose level. Thus, regardless of the 
means of administration and even when the inhale-exhale 
maneuver is performed some time must be allowed to pass 
for the glucose level to decrease prior to the administration 
of additional insulin in order to avoid overdosing. The use of 
the inhale-exhale maneuver decreases the "lag" time which 
is already decreased due to intrapulmonary administration as 
compared to subcutaneous injections. Further, as indicated 
above, the microprocessor can be programmed to prevent 
overdoses. 

[0228] During the day, as insulin is administered, serum 
glucose levels are frequently monitored. The amount of 
insulin administered can be dosed based on the monitored 
serum glucose levels, i.e., as glucose levels increase, the 
amount of insulin can be increased, and as glucose levels are 
seen to decrease, the dosing of insulin can be decreased. 

[0229] Based on the information disclosed herein in com- 
bination with what is known about insulin dosing and serum 
glucose levels, computer readable programs can be readily 
developed which can be used in connection with the insulin 
delivery device of the present invention. More specifically, 
the microprocessor can be programmed so as to deliver 
precise doses of insulin which correspond to the particular 
needs of the patient based on seru glucose monitoring 
information which is supplied to the microprocessor of the 
device of the invention. Further, the dosing information 
contained within the microprocessor of the device of the 
invention can be fed to a separate computer and/or serum 
glucose monitoring device (preferably portable) in order to 
calculate the best treatment and dosing schedule for the 
particular patient. 
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[0230] Insulin Containing Formulations 
[0231] A variety of different insulin containing formula- 
tions can be used with the present invention. The active 
ingredient within such formulations is insulin which is 
preferably recombinantly produced human insulin but, as 
indicated above, may include insulin extracted from animal 
sources. Further, the insulin which has been recombinantly 
produced. Although the insulin and/or analog is generally 
present by itself as the sole active ingredient, the insulin may 
be present with an additional active ingredient such as a 
sulfonylurea. However, such sulfonylureas are generally 
administered separately in order to more closely control 
dosing and serum glucose levels. 

[0232] The present invention provides a great deal of 
flexibility with respect to the types of insulin to be admin- 
istered. For example, a container can include insulin by itself 
or insulin in combination with an insulin analog of any type 
or combinations of different insulin analogs. Further, a 
package can be created wherein individual containers 
include different formulations wherein the formulations are 
designed to achieve a particular effect e.g., fast acting insulin 
or quick and careful monitoring can determine the preferred 
insulin dosing protocol to be followed for the particular 
patient. 

[0233] Regardless of the active ingredient, there are sev- 
eral basic types of insulin formulations which can be used in 
connection with the present invention. All of the formula- 
tions include insulin, preferably with a pharmaceutically 
acceptable carrier suitable for intrapulmonary administra- 

[0234] The insulin may be provided as a dry powder by 
itself, and in accordance with another formulation, the 
insulin or active ingredient is provided in a solution formu- 
lation. The dry powder could be directly inhaled by allowing 
inhalation only at the same measured inspiratory flow rate 
and inspiratory volume for each delivery. However, the 
powder is preferably dissolved in an aqueous solvent to 
create a solution which is moved through a porous mem- 
brane to create an aerosol for inhalation. 
[0235] Any formulation which makes it possible to pro- 
duce aerosolized forms of insulin which can be inhaled and 
delivered to a patient via the intrapulmonary route can be 
used in connection with the present invention. Specific 
information regarding formulations (which can be used in 
connection with aerosolized delivery services) are described 
within Remington's Pharmaceutical Sciences, A. R. 
Gennaro editor (latest edition) Mack Publishing Company. 
Regarding insulin formulations, it is also useful to note 
Sciarra et al. [Journal of Pharmaceutical Sciences, Vol. 65, 
No. 4, 1979]. 

[0236] The insulin is preferably included in a solution 
such as the type of solution which is made commercially 
available for injection and/or other solutions which are more 
acceptable for intrapulmonary delivery. When preparing 
preferred formulations of the invention which provide for 
the insulin, excipient and solvent, any pharmaceutically 
acceptable excipient may be used provided it is not toxic in 
the respiratory tract. 

[0237] Formulations include insulin dry powder by itself 
and/or with an excipient. When such a formulation is used, 
it may be used in combination with a gas propellant which 



gas propellant is released over a predetermined amount of 
dried powder which is forced into the air and inhaled by the 
patient. It is also possible to design the device so that a 
predetermined amount of dry powder is placed behind a 
gate. The gate is opened in the same manner as the valve is 
released so that the same inspiratory flow rate and inspira- 
tory volume is repeatedly obtained. Thereafter, the dry 
powder is inhaled by the patient and the insulin is delivered. 
When a solution is used the device of FIG. 4 is used to 
create an aerosolized form of the solution which can be 
inhaled by the patient. 

[0238] Formulations of the invention can include lipo- 
somes containing insulin in combination with an amount of 
alveolar surfactant protein effective to enhance the transport 
of the liposomes across the pulmonary surface and into the 
circulatory system of the patient. Such liposomes and for- 
mulations containing such are disclosed within U.S. Pat. No. 
5,006,343, issued Apr. 9, 1991, which is incorporated herein 
by reference to disclose liposomes and formulations of 
liposomes used in intrapulmonary delivery. The formula- 
tions and methodology disclosed in U.S. Pat. No. 5,006,343 
can be adapted for the application of insulin and included 
within the delivery device of the present invention in order 
to provide for effective treatments of diabetic patients. 

[0239] The terms "insulin" and "insulin analog" have been 
defined above. With respect to both terms, applicant points 
out that a variety of commercial insulin formulations are 
available. Rapidly acting preparations are always indicated 
in diabetic emergencies and in CSII and MSI programs. 
Intermediate preparations are used in conventional and MSI 
regimens. It is not possible to delineate precisely the bio- 
logic responses to the various preparations because peak 
effects and duration vary from patient to patient and depend 
not only on route of administration but on dose. The various 
insulins are available as rapid (regular, semilente), interme- 
diate (NPH, lente, globin), and long-acing (PZI, ultralente) 
preparations, although not all manufacturers offer all vari- 
eties. Lente and NPH insulin are used in most conventional 
therapy and are roughly equivalent in biologic effects, 
although lente appears to be slightly more immunogenic and 
to mix less well with regular insulin than does NPH. 

[0240] The methodology of the invention may be carried 
out using a portable, hand-held, battery-powered device 
which uses a microprocessor component as disclosed in U.S. 
Pat. No. 5,404,871, issued Apr. 11, 1995 and U.S. Pat. No. 
5,450,336, issued Sep. 12, 1995 both of which are incorpo- 
rated herein by reference. In accordance with another system 
the methodology of the invention could be carried out using 
the device, dosage units and system disclosed in U.S. Ser. 
No. 94/05825 with modifications as described herein. Insu- 
lin (which is preferably recombinant insulin) is included in 
an aqueous formulation which is aerosolized by moving the 
formulation through a flexible porous membrane. Alterna- 
tively, the methodology of the invention could be carried out 
using a mechanical (non-electronic) device. Those skilled in 
the art recognized that various components can be mechani- 
cal set to actuate at a given inspiratory flow rate (e.g. a spring 
biased valve) and at a given volume (e.g. a spinable flywheel 
which rotates a given amount per a given volume). 

[0241] The insulin which is released to the patient may be 
in a variety of different forms. For example, the insulin may 
be an aqueous solution of drug, i.e., drug dissolved in water 
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and formed into small particles to create an aerosol which is 
delivered to the patient. Alternatively, the drug may be in a 
solution or a suspension wherein a low-boiling point pro- 
pellant is used as a carrier fluid. In yet another embodiment 
the insulin may be in the form of a dry powder which is 
intermixed with an airflow in order to provided for delivery 
of drug to the patient. Regardless of the type of drug or the 
form of the drug formulation, it is preferable to create drug 
particles having a size in the range of about 0.5 to 12 
microns. By creating drug particles which have a relatively 
narrow range of size, it is possible to further increase the 
efSciency of the drug delivery system and improve the 
repeatability of the dosing. Thus, it is preferable that the 
particles not only have a size in the range of 0.5 to 12 
microns but that the mean particle size be within a narrow 
range so that 80% or more of the particles being delivered 
to a patient have a particle diameter which is within 
.+-0.20% of the average particle size, preferably .+-0.10% 
and more preferably .+-0.5% of the average particle size. 
[0242] The velocity at which the aerosolized drug is 
released to the patient is also important in terms of obtaining 
a high degree of repeatability in dosing and providing for a 
high percentage of drug being delivered to the patient's 
lungs. Most preferably, the drug is released from a container 
in a direction which is normal to the patient's airflow. 
Accordingly, the drug in a container 1 as shown in FIG. 3 
may be released directly upward so that its flow is at a 
90.degree. angle with respect to the patient's inspiratory 
flow which is directly horizontal. After being released, the 
drug velocity decreases and the drug particles remain sus- 
pended for a sufScient period of time to allow the patient's 
inspiration to draw the drug into the patient's lungs. The 
velocity of drug released in the direction from the drug 
release point to the patient may match the patient's inspira- 
tory flow rate but is preferably slower that the patient's 
inspiratory flow rate and is most preferably about zero. The 
velocity may be slightly negative, i.e., in a direction away 
from the patient. The velocity may range from -2.0 liters/sec 
to 2.0 liters/sec and is preferably zero. It is not desirable to 
project the drug toward the patient at a rate above the speed 
of the patient's breath as such may result in drug being 
deposited on the back of the patient's throat. Thus, the drug 
release speed should be equal to or less than the breath 
speed. The actual speed of release can vary depending on 
factors such as the particle size, the particle composition and 
the distance between the point of release and the patient. The 
velocity is preferably such that the particles will (due to air 
resistance) slow to zero velocity after traveling a distance of 
about 2 centimeters or less. In general, the shorter the 
distance required to slow the particles to zero velocity the 

[0243] An aerosol may be created by forcing drug through 
pores of a membrane which pores have a size in the range 
of about 0.25 to 6 microns preferably 0.5 to 3.0 microns. 
When the pores have this size the particles which escape 
through the pores to create the aerosol will have a diameter 
about twice the diameter of the pore opening from which the 
formulation exists. However, the particle size can be sub- 
stantially reduced by adding heat to the air around the 
particles and cause evaporation of carrier. Drug particles 
may be released with an air flow intended to keep the 
particles within this size range. The creation of small par- 
ticles may be facilitated by the use of the vibration device 
which provides a vibration frequency in the range of about 



800 to about 4000 kilohertz. Those skilled in the art wfll 
recognize that some adjustments can be made in the param- 
eters such as the size of the pores from which drug is 
released, vibration frequency and amplitude, pressure, and 
other parameters based on the concentration, density, vis- 
cosity and surface tension of the formulation keeping in 
mind that the object is to provide aerosolized particles 
having a diameter in the range of about 0.5 to 12 microns. 

[0244] The drug formulation may be a low viscosity liquid 
formulation. The viscosity of the drug by itself or in com- 
bination with a carrier is not of particular importance except 
to note that the formulation must have characteristics such 
that it can be forced out of openings of the flexible or convex 
membrane to form an aerosol, e.g., using 20 to 400 psi to 
form an aerosol preferably having a particle size in the range 
of about 0.5 to 6.0 n " 



[0245] Drug may be stored in and/or released from a 
container of any desired size. In most cases the size of the 
container is not directly related to the amount of drug being 
delivered in that most formulations include relatively large 
amounts of excipient material e.g. water or a saline solution. 
Accordingly, a given size container could include a wide 
range of different doses by varying drug concentration. 

[0246] Drug containers may include indices which may be 
electronic and may be connected to a power source such as 
a battery. When the indices are in the form of visually 
perceivable numbers, letters or any type of symbol capable 
of conveying information to the patient. Alternatively, the 
indices may be connected to a power source such as a battery 
when the indices are in the form of magnetically, optically 
or electronically recorded information which can be read by 
a drug dispensing device which in turn provides visual or 
audio information to the user The indices can be designed 
for any desired purpose but in general provides specific 
information relating to the day and/or time which the drug 
within a container should be administered to the patient. 
Such indices may record, store and transfer information to a 
drug dispensing device regarding the number of doses 
remaining in the container The containers may include 
labeling which can be in any format and could include days 
of the month or other symbols or numbers in any variation 
or language. 

[0247] In addition to disclosing specific information 
regarding the day and time for drug delivery the indices 
could provide more detailed information such as the amount 
of insulin dispensed from each container which might be 
particularly useful if the containers included dilferent 
amounts of insulin. Further, magnetic, optical and/or elec- 
tronic indices could have new information recorded onto 
them which information could be placed there by the drug 
dispensing device. For example, a magnetic recording 
means could receive information from the drug dispensing 
device indicating the precise time which the insulin was 
actually administered to the patient. In addition to recording 
the time of delivery the device could monitor the expected 
efScacy of the delivery based on factors such as the inspira- 
tory flow rate which occurred following the initial release of 
insulin. The information recorded could then be read by a 
separate device, interpreted by the care-give and used to 
determine the usefulness of the present treatment method- 
ology. For example, if the glucose levels of the patient did 
not appear to be responding well but the recorded informa- 
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tion indicating that the patient had taken the drug at the 
wrong time or that the patient had misdelivered drug by 
changing inspiratory flow rate after initial release it might be 
determined that further education in patient use of the device 
was needed but that the present dosing methodology might 
well be useful. However, if the recordings indicated that the 
patient had delivered the aerosolized insulin using the proper 
techniques and still not obtained the correct results (e.g. 
acceptable glucose levels) another dosing methodology 
might be recommended. The method of treating Diabetes 
Mellitus may be carried out using a hand-held, portable 
device comprised of (a) a device for holding a disposable 
package comprised of at least one but preferably a number 
of drug containers, (b) a propellant or a mechanical mecha- 
nism for moving the contents of a container through a porous 
membrane (c) a monitor for analyzing the inspiratory flow, 
rate and volume of a patient, and (d) a switch for automati- 
cally releasing or firing the mechanical means after the 
inspiratory flow and/or volume reaches a threshold level. 
The device may also include a transport mechanism to more 
the package from one container to the next with each 
container and its porous membrane being disposed of after 
use. The entire device is self-contained, light weight (less 
than 1 kg preferably less than 0.5 kg loaded) and portable. 
[0248] The device may include a mouth piece at the end of 
the flow path, and the patient inhales from the mouth piece 
which causes an inspiratory flow to be measured within the 
flow path which path may be in a non-linear flow-pressure 
relationship. This inspiratory flow causes an air flow trans- 
ducer to generate a signal. This signal is conveyed to a 
microprocessor which is able to convert, continuously, the 
signal from the transducer in the inspiratory flow path to a 
flow rate in liters per minute. The microprocessor can further 
integrate this continuous air flow rate signal into a repre- 
sentation of cumulative inspiratory volume. At an appropri- 
ate point in the inspiratory cycle, the microprocessor can 
send a signal to an actuation means (and/or a vibration 
device below the resonance cavity), when the actuation 
means is signaled, it causes the mechanical means (by 
pressure and/or vibration) to move drug from a container on 
the package into the inspiratory flow path of the device and 
ultimately into the patient's lungs. After being released, the 
drug and carrier will pass through a porous membrane, 
which can be vibrated to aerosolize the formulation and 
thereafter the lungs of the patient. 

[0249] The device preferably includes a means for record- 
ing a characterization of the inspiratory flow profile for the 
patient which is possible by including a microprocessor in 
combination with a read/write memory means and a flow 
measurement transducer By using such devices, it is pos- 
sible to change the firing threshold at any time in response 
to an analysis of the patient's inspiratory flow profile, and it 
is also possible to record drug dosing events over time. In a 
particularly preferred embodiment the characterization of 
the inspiratory flow can be recorded onto a recording means 
on the disposable package. 

[0250] The details of a drug delivery device which 
includes a microprocessor and pressure transducer of the 
type which may be used in connection with the present 
invention are described and disclosed within U.S. Pat. No. 
5,404,871, issued Apr 11, 1995 and U.S. Pat. No. 5,450,336, 
issued Sep. 12, 1995 incorporated in their entirety herein by 
reference, and specifically incorporated in order to describe 



and disclose the microprocessor and program technology 
used therewith. The pre-programmed information is con- 
tained within a nonvolatile memory which can be modified 
via an external device. In another embodiment, this pre- 
programmed information is contained within a "read only" 
memory which can be unplugged from the device and 
replaced with another memory unit containing different 
programming information. In yet another embodiment, a 
microprocessor, containing read only memory which in turn 
contains the pre-programmed information, is plugged into 
the device. For each of these embodiments, changing the 
programming of the memory device readable by a micro- 
processor will radically change the behavior of the device by 
causing the microprocessor to be programmed in a different 
manner This is done to accommodate different insulin 
formulation and for different types of treatment, e.g., 
patients with different types of diabetes. 
[0251] After dosing a patient with insulin it is desirable to 
measure glucose (invasively or non-invasively) and make 
adjustments as needed to obtain the desired glucose level. In 
accordance with all methods the patient does not push a 
botton to release drug. The drug is released automatically by 
signals from the microprocessor using measurements 
obtained. 

[0252] The doses administered are based on an assumption 
that when interpulmonary delivery methodology is used the 
efficiency of the delivery is at a known percent amount, e.g., 
20% to 50% or more approximately and adjustments in the 
amount released in order to take into account the efficiency 
of the device. The differential between the amount of insulin 
actually released from the device and the amount actually 
delivered to the patient varies due to a number of factors. In 
general, devices used with the present invention can have an 
efficiency as low as 10% and as high as 50% or more 
meaning that as little as 10% of the released insulin may 
actually reach the circulatory system of the patient and as 
much as 50% or more might be delivered. The efficiency of 
the delivery will vary somewhat from patient to patient and 
must be taken into account when programming the device 
for the release of insulin. In general, a conventional metered 
(propellant-driven) dose inhaling device is about 10% effi- 

[0253] One of the important features and advantages of the 
present invention is that the microprocessor can be pro- 
grammed to take a variety of different criteria into consid- 
eration with respect to dosing times. Specifically, the micro- 
processor can be programmed so as to include a minimum 
time interval between doses i.e. after a given delivery 
another dose cannot be delivered until a given period of time 
has passed. Secondly, the timing of the device can be 
programmed so that it is not possible to exceed the admin- 
istration of a set maximum amount of insulin within a given 
time. For example, the device could be programmed to 
prevent dispersing more than 5 units of insulin within one 
hour More importantly, the device can be programmed to 
take both criteria into consideration. Thus, the device can be 
programmed to include a minimum time interval between 
doses and a maximum amount of insulin to be released 
within a given time period. For example, the microprocessor 
could be programmed to allow the release of a maximum of 
5 units of insulin during an hour which could only be 
released in amounts of 1 unit with each release being 
separated by a minimum of five minutes. 
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[0254] Additional information regarding dosing with insu- 
lin via injection can be found within Harrison's — Principles 
of Internal Medicine (most recent edition) published by 
McGraw Hill Book Company, New York, incorporated 
herein by reference to disclose conventional information 
regarding dosing insulin via injection. 

[0255] Another feature of the device is that it may be 
programmed to not release drug if it does not receive a signal 
transmitted to it by a transmitter worn by the intended user. 
Such a system improves the security of the device and 
prevents misuse by unauthorized users such as children. 

[0256] The microprocessor of the invention can be con- 
nected to external devices permitting external information to 
be transferred into the microprocessor of the invention and 
stored within the non-volatile read/write memory available 
to the microprocessor. The microprocessor of the invention 
can then change its drug delivery behavior based on this 
information transferred from external devices such as a 
glucose monitoring device. All of the features of the inven- 
tion are provided in a portable, programmable, battery- 
powered, hand-held device for patient use which has a size 
which compares favorably with existing metered dose 
inhaler devices. 

[0257] Different mechanisms will be necessary in order to 
deliver different formulations, such as a dry powder without 
any propellant. A device could be readily designed so as to 
provide for the mechanical movement of a predetermined 
amount of dry powder to a given area. The dry powder 
would be concealed by a gate, which gate would be opened 
in the same manner described above, i.e., it would be opened 
when a predetermined flow rate level and cumulative vol- 
ume have been achieved based on an earlier monitoring 
event. Patient inhalation or other source of energy such as 
from compressed gas or a mechanical device would then 
cause the dry powder to form a dry dust cloud and be 
inhaled. 

[0258] In addition to monitoring glucose levels in order to 
determine proper insulin dosing, the microprocessor of the 
present invention is programmed so as to allow for moni- 
toring and recording data from the inspiratory flow monitor 
without delivering drug. This is done in order to characterize 
the patient's inspiratory flow profile in a given number of 
monitoring events, which monitoring events preferably 
occur prior to dosing events. After carrying out a monitoring 
event, the preferred point within the inspiratory cycle for 
drug delivery can be calculated. This calculated point is a 
function of measured inspiratory flow rate as well as calcu- 
lated cumulative inspiratory flow volume. This information 
is stored and used to allow activation of the valve when the 
inhalation cycle is repeated during the dosing event. Those 
skilled in the art will also readily recognize that different 
mechanisms will be necessary in order to deliver different 
formulations, such as a dry powder without any propellant. 
A device could be radially designed so as to provide for the 
mechanical movement of a predetermined amount of dry 
powder to a given area. The dry powder would be concealed 
by a gate, which gate would be opened in the same manner 
described above, i.e., it would be opened when a predeter- 
mined flow rate level and cumulative volume have been 
achieved based on an earlier monitoring event. Patient 
inhalation would then cause the dry powder to form a dry 
dust cloud and be inhaled. Dry powder can also be aero- 



solized by compressed gas, and a solution can be aerosolized 
by a compressed gas released in a similar manner and then 
inhaled. 

[0259] Dual Compartment Container 
[0260] The dual compartment container 70 of FIG. 13 
includes a first container 71 and a second container 72. The 
containers 71 and 72 are in fluid connection with each other 
but the fluid connection is interrupted by a membrane 73 
which membrane can be ruptured by the application of 
pressure (preferably in an amount of about 50 psi or less). A 
device such as the component 74 forces against the bottom 
of the container 72 and forces the contents 75 (which is 
liquid) against the membrane 73 which is then ruptured. The 
liquid 75 then enters the container 71 and mixes with the dry 
powder insulin 76 present with the container 71. The con- 
tainer 71 may include missing components 77 and 78. These 
components may be vibrating devices, ultrasonic devices or 
other suitable mechanisms allowing for the mixing of the 
liquid with the dry insulin. When the mixing is completed 
the component 79 is forced against the container 71 forcing 
the insulin formulation present therein into the chamber 80. 
Once the formulation is in the chamber 80 it is there under 
pressure and can be moved through the flexible membrane 
81 by the application of that pressure and/or by the use of a 
vibrating device 82. The formulation is moved through the 
membrane 81 only after removal of the cover sheet 83. 

[0261] The membrane 81 may be permanently convexed 
or may be flexible and convex outward when the formula- 
tion is forced through the membrane and will operate as per 
the container described in FIGS. 1-4 above. The membrane 
81 includes pores having a diameter in the range of about 
0.25 micron to about 6 microns and a pore density in the 
range of 1x10"* to about 1x10® pores per square centimeter. 
The porous membrane 81 is preferably comprised of a 
material having a density in the range of about 0.25 to 3.0 
mg/cm", more preferably about 1.7 mg/cm^ and a thickness 
of about 2 to about 20 microns, more preferably 8 to 12 
microns. The liquid 75 present in the container 72 is 
preferably capable of dissolving completely dissolved 
within the container 71 prior to being forced into the 
chamber 80. Dissolving the insulin makes it easier to move 
the insulin through the pores of the membrane 81 and create 
a fine mist aerosol. Keeping the dried insulin apart from the 
liquid makes it possible to maintain a longer shelf life. 
[0262] The instant invention is shown herein in what is 
considered to be the most practical and preferred embodi- 
ments. It is recognized, however, that departures may be 
made therefrom which are within the scope of the invention 
and that obvious modifications will occur to one skilled in 
the art upon reading this disclosure. 

32. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) supplying a predetermined amount of insulin to a hand 
held device, said predetermined amount being in excess 
of that amount required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level in said patient, 

(b) contacting said insulin with a compressed gas to form 
a cloud in said hand held device, said cloud comprising 
a repeatable amount of insulin, said repeatable amount 
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being in excess of that amount required, in the blood- 
stream of said patient, to produce or maintain an 
acceptable serum glucose level in said patient; and 
(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient, wherein an amount of said insulin 
in said cloud effective, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level in said patient is absorbed into the blood- 
stream of said patient. 

33. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) supplying a predetermined amount of insulin to a hand 
held device, said predetermined amount being in excess 
of that amount required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level in said patient; 

(b) contacting said insulin with a compressed gas to form 
a cloud in said hand held device, said cloud comprising 
a repeatable and controlled amount of insulin, said 
repeatable and controlled amount being in excess of 
that amount required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level in said patient; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient, wherein an amount of insulin in 
said cloud effective, in the bloodstream of said patient, 
to produce or maintain an acceptable serum glucose 
level in said patient is absorbed into the bloodstream of 
said patient. 

34. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) mechanically supplying a predetermined amount of 
insulin to a given area of a hand held device, said 
predetermined amount being in excess of that amount 
required, in the bloodstream of said patient, to produce 
or maintain an acceptable serum glucose level in said 
patient; 

(b) aerosolizing said insulin with a compressed gas to 
form a cloud in said hand held device, said cloud 
comprising a repeatable and controlled amount of insu- 
lin, said repeatable and controlled amount being in 
excess of that amount required, in the bloodstream of 
said patient, to produce or maintain an acceptable 
serum glucose level in said patient; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient, wherein an amount of insulin in 
said cloud effective, in the bloodstream of said patient, 
to produce or maintain an acceptable serum glucose 
level in said patient is absorbed into the bloodstream of 
said patient. 

35. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) supplying a predetermined amount of insulin in the 
form of a dry powder to a hand held device, said 
predetermined amount being in excess of that amount 
required, in the bloodstream of said patient, to produce 
or maintain an acceptable serum glucose level in said 
patient; 



(b) contacting said insulin with a compressed gas to form 
a cloud in said hand held device, said cloud comprising 
a repeatable and controlled amount of insulin, said 
repeatable and controlled amount being in excess of 
that amount required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level in said patient; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient, wherein an amount of insulin in 
said cloud effective, in the bloodstream of said patient, 
to produce or maintain an acceptable serum glucose 
level in said patient is absorbed into the bloodstream of 
said patient. 

36. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) mechanically supplying a predetermined amount of 
insulin in the form of a dry powder to a given area of 
a hand held device, said predetermined amount being in 
excess of that amount required, in the bloodstream of 
said patient, to produce or maintain an acceptable 
serum glucose level in said patient; 

(b) aerosolizing said insulin with a compressed gas to 
form a cloud in said hand held device, said cloud 
comprising a repeatable and controlled amount of insu- 
lin, said repeatable and controlled amount being in 
excess of that amount required, in the bloodstream of 
said patient, to produce or maintain an acceptable 
serum glucose level in said patient; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient, wherein an amount of insulin in 
said cloud effective, in the bloodstream of said patient, 
to produce or maintain an acceptable serum glucose 
level in said patient is absorbed into the bloodstream of 
said patient. 

37. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) supplying a predetermined amount of insulin in the 
form of a dry powder to a hand held device, said 
predetermined amount being 2 to 10 times that amount 
required, in the bloodstream of said patient, to produce 
or maintain an acceptable serum glucose level in the 
blood of said patient; 

(b) contacting said insulin with a compressed gas to form 
a dry cloud in said hand held device, said cloud 
comprising a repeatable and controlled amount of insu- 
lin, said repeatable and controlled amount being 2 to 10 
times that amount required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level in the blood of said patient; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient, wherein an amount of insulin in 
said cloud effective, in the bloodstream of said patient, 
to produce or maintain an acceptable serum glucose 
level in said patient is absorbed into the bloodstream of 
said patient. 

38. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 
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(a) mechanically supplying a predetermined amount of 
insulin in the form of a dry powder to a given area of 
a hand held device, said predetermined amount being 2 
to 10 times that amount required, in the bloodstream of 
said patient, to produce or maintain an acceptable 
serum glucose level in said patient; 

(b) aerosolizing said insulin with a compressed gas to 
form a dry cloud in said hand held device, said cloud 
comprising a repeatable and controlled amount of insu- 
lin, said repeatable and controlled amount being 2 to 10 
times that amount required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level in the blood of said patient; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient, wherein an amount of insulin in 
said cloud effective, in the bloodstream of said patient, 
to produce or maintain an acceptable serum glucose 
level in said patient is absorbed into the bloodstream of 
said patient. 

39. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) supplying a predetermined amount of insulin in the 
form of a dry powder to a hand held device, said 
predetermined amount being 2 to 10 times that amount 
required, in the bloodstream of said patient, to produce 
or maintain an acceptable serum glucose level in said 
patient; 

(b) contacting said insulin with a compressed gas to form 
a dry cloud in said hand held device, said cloud 
comprising a repeatable and controlled amount of insu- 
lin, said repeatable and controlled amount being 2 to 10 
times that amount required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level in the blood of said patient; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient, wherein 1 to 30 units of insulin are 
absorbed into the bloodstream of said patient. 

40. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) mechanically supplying a predetermined amount of 
insulin in the form of a dry powder to a given area of 
a hand held device, said predetermined amount being 2 
to 10 times that amount required, in the bloodstream of 
said patient, to produce or maintain an acceptable 
serum glucose level in said patient; 



(b) aerosolizing said insulin with a compressed gas to 
form a dry cloud in said hand held device, said cloud 
comprising a repeatable and controlled amount of insu- 
lin, said repeatable and controlled amount being 2 to 10 
times that amount required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level in the blood of said patient; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said insulin 
cloud to the lungs of said patient, wherein 1 to 30 units 
of insulin are absorbed into the bloodstream of said 
patient. 



41. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) supplying a predetermined amount of insulin in the 
form of a dry powder to a hand held device, said 
predetermined amount being 2 to 300 units of insulin; 

(b) contacting said insulin with a compressed gas to form 
a dry cloud in said hand held device, said cloud 
comprising a repeatable and controlled amount of insu- 
lin, said repeatable and controlled amount being 2 to 
300 units of insulin; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient; wherein 1 to 30 units of insulin 
are repeatably absorbed into the bloodstream of said 

42. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) mechanically supplying a predetermined amount of 
insulin in the form of a dry powder to a given area of 
a hand held device, said predetermined amount being 2 
to 300 units of insulin; 

(b) aerosolizing said insulin with a compressed gas to 
form a dry cloud in said hand held device, said cloud 
comprising a repeatable and controlled amount of insu- 
lin, said repeatable and controlled amount being 2 to 
300 units of insulin; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient; wherein 1 to 30 units of insulin 
are repeatably absorbed into the bloodstream of said 

43. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) determining the amount of insulin required, in the 
bloodstream of said patient, to produce or maintain an 
acceptable serum glucose level; 

(b) aerosolizing, in a hand held device, a predetermined 
amount of insulin in excess of said required amount of 
insulin with a compressed gas to form a cloud in said 
hand held device, said cloud comprising a repeatable 
amount of insulin in excess of said required amount of 
insulin; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said insulin 
cloud to the lungs of said patient, wherein said required 
amount of insulin is absorbed into the bloodstream of 
said patient. 

44. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) determining the amount of insulin required, in the 
bloodstream of said patient, to produce or maintain an 
acceptable blood glucose level; 

(b) aerosolizing, in a hand held device, a predetermined 
amount of insulin in excess of said required amount of 
insulin with a compressed gas to form a cloud in said 
hand held device, said cloud comprising a repeatable 
and controlled amount of insulin in excess of said 
required amount of insulin, and 
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(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient, wherein said required amount of 
insulin is absorbed into the bloodstream of said patient. 

45. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) determining the amount of insulin required, in the 
bloodstream of said patient, to produce or maintain an 
acceptable serum glucose level; 

(b) aerosolizing, in a hand held device, a predetermined 
amount of insulin 2 to 10 times said required amount of 
insulin with a compressed gas to form a dry cloud in 
said hand held device, said cloud comprising a repeat- 
able and controlled amount of insulin, said repeatable 
and controlled amount being 2 to 10 times said required 
amount of insulin; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient, wherein said required amount of 
insulin is absorbed into the bloodstream of said patient. 

46. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) determining the amount of insulin required, in the 
bloodstream of said patient, to produce or maintain an 
acceptable serum glucose level, said required amount 
being 1-30 units; 

(b) aerosolizing, in a hand held device, a predetermined 
amount of a dry powder comprising insulin, said pre- 
determined amount being 2 to 10 times said required 
amount of insulin, with a compressed gas to form a dry 
cloud in said hand held device, said cloud comprising 
a repeatable and controlled amount of insulin, said 
repeatable and controlled amount being 2 to 10 times 
said required amount of insulin; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said cloud to the 
lungs of said patient, wherein from 1 to 30 units of 
insulin are absorbed into the bloodstream of said 
patient. 

47. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) determining the amount of insulin required, in the 
bloodstream of said patient, to produce or maintain an 
acceptable serum glucose level, said required amount 
being from 1-30 units; 

(b) aerosolizing, in said hand held device, a predeter- 
mined amount of insulin in the form of a dry powder, 
said predetermined amount being from 2 to 300 units of 
insulin, with a compressed gas to form a dry cloud in 
said hand held device, said cloud comprising a repeat- 
able and controlled amount of insulin, said repeatable 
and controlled amount being from 2 to 300 units of 
insulin; and 

(c) inhaling said cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said insulin 
cloud to the lungs of said patient; wherein from 1 to 30 
units of insulin are repeatably absorbed into the blood- 
stream of said patient. 

48. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 



(a) aerosolizing, in a hand held device, a first predeter- 
mined amount of insulin, which is in excess of the 
amount of insulin required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level, with a compressed gas to form a first 
cloud in said hand held device, said first cloud com- 
prising a first repeatable and controlled amount of 
insulin which is in excess of the amount of insulin 
required, in the bloodstream of said patient, to produce 
or maintain an acceptable serum glucose level; 

(b) inhaling said first cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said first cloud 
to the lungs of said patient, wherein insulin is absorbed 
into the bloodstream of said patient; and 



said first predetermined amount and is in excess of the 
amount of insulin required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level and a second repeatable and controlled 
amount of insulin which is the same as or different from 
said first repeatable and controlled amount and is in 
excess of the amount of insulin required, in the blood- 
stream of said patient, to produce or maintain an 
acceptable serum glucose level. 

49. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) aerosolizing, in a hand held device, a first predeter- 
mined amount of insulin in the form of a dry powder 
with a compressed gas to form a first cloud in said hand 
held device, said first predetermined amount being an 
amount in excess of the amount of insulin required, in 
the bloodstream of said patient, to produce or maintain 
an acceptable serum glucose level, said first cloud 
comprising a first repeatable and controlled amount of 
insulin which is in excess of the amount of insulin 
required, in the bloodstream of said patient, to produce 
or maintain an acceptable serum glucose level; 

(b) inhaling said first cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said first cloud 
to the lungs of said patient, wherein insulin is absorbed 
into the bloodstream of said patient; and 

(c) repeating (a) and (b) with a second predetermined 
amount of insulin which is the same as or different from 
said first predetermined amount and is in excess of the 
amount of insulin required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level and a second repeatable and controlled 
amount of insulin which is the same as or different from 
said first repeatable and controlled amount and is in 
excess of the amount of insulin required, in the blood- 
stream of said patient, to produce or maintain an 
acceptable serum glucose level. 

50. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) aerosolizing, in a hand held device, a first predeter- 
mined amount of insulin in the form of a dry powder, 
said first predetermined amount being 2 to 10 times that 
amount required, in the bloodstream of said patient, to 
produce or maintain an acceptable serum glucose level 
in said patient, with a compressed gas to form a first dry 
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cloud in said hand held device, said first cloud com- 
prising a first repeatable and controlled amount of 
insulin which is 2 to 10 times that amount required, in 
the bloodstream of said patient, to produce or maintain 
an acceptable serum glucose level in said patient; 

(b) inhaling said first cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said first cloud 
to the lungs of said patient, wherein insulin is absorbed 
into the bloodstream of said patient; 

(c) repeating (a) and (b) with a second predetermined 
amount of insulin which is the same as or different from 
said first predetermined amount and is in excess of the 
amount of insulin required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level and a second repeatable and controlled 
amount of insulin which is the same as or different from 
said first repeatable and controlled amount and is in 
excess of the amount of insulin required, in the blood- 
stream of said patient, to produce or maintain an 
acceptable serum glucose level. 

51. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) aerosolizing, in a hand held device, a first predeter- 
mined amount of insulin in the form of a dry powder, 
said first predetermined amount being 2 to 10 times that 
amount required, in the bloodstream of said patient, to 
produce or maintain an acceptable serum glucose level 
in said patient, with a compressed gas to form a first dry 
cloud in said hand held device, said first cloud com- 
prising a first repeatable and controlled amount of 
insulin which is 2 to 10 times that amount required, in 
the bloodstream of said patient, to produce or maintain 
an acceptable serum glucose level in said patient; 

(b) inhaling said first cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said first cloud 



to the lungs of said patient, wherein 1 to 30 units of 
insulin are absorbed into the bloodstream of said 
patient; 



said first predetermined amount and is 2 to 10 times that 
amount of insulin required, in the bloodstream of said 
patient, to produce or maintain an acceptable serum 
glucose level and a second repeatable and controlled 
amount of insulin which is the same as or different from 
said first repeatable and controlled amount and is 2 to 
10 times that amount of insulin required, in the blood- 
stream of said patient, to produce or maintain an 
acceptable serum glucose level. 
52. A method of treating diabetes mellitus in a patient in 
need thereof, said method comprising: 

(a) aerosolizing, in a hand held device, a first predeter- 
mined amount of insulin in the form of a dry powder, 
said first predetermined amount being 2 to 300 units of 
insulin, with a compressed gas to form a first dry cloud 
in said hand held device, said first cloud comprising a 
first repeatable and controlled amount of insulin being 
2 to 300 units of insulin; 

(b) inhaling said first cloud at an inspiratory flow rate and 
volume adapted to deliver a portion of said first cloud 
to the lungs of said patient; wherein from 1 to 30 units 
of insulin are repeatably absorbed into the bloodstream 
of said patient; 

(c) repeating (a) and (b) with a second predetermined 
amount which is the same as or different from said first 
predetermined amount and is 2 to 300 units of insulin 
and a second repeatable and controlled amount which 
is the same as or different from said first repeatable and 
controlled amount and is 2 to 300 units of insulin. 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



NOVO NORDISK A/S 

Plaintiff, 



JON W. DUDAS 

Under Secretary of Commerce for 
Intellectual Property and 
Director of the United States Patent 
& Trademark Office, 

Defendant. 



Case No: 06-1896 (CKK) 



EXPERT WITNESS REPORT OF PROFESSOR MYRNA B. DOLOVICH 
I. QUALIFICATIONS 

1 . My name is Myma B. Dolovich. I am an Associate Clinical Professor in the 
Departments of Medicine and Radiology, Faculty of Health Sciences, McMaster University. I 
also head the Firestone Research Aerosol Laboratory, Faculty of Health Sciences, in the 
Department of Medicine at St. Joseph's Healthcare, one of five teaching hospitals associated 
with McMaster University. 

2. 1 earned a Bachelor of Electrical Engineering degree from McGill University, 
Montreal, Quebec, in 1963. hi 1968 I was received into the Association of Professional 
Engineers of Ontario, Canada. 

3. I am a member of numerous professional organizations, including the American 
Thoracic Society, the German Association for Aerosol Research (GaeF), and the International 
Society for Aerosols in Medicine (ISAM). I served on the Board of Directors of ISAM from 
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1995-1999, and again from 2001-2005. In addition, I currently serve on the Editorial Boards for 
the Journal of the ISAM, the Journal of Aerosols in Medicine, and the Journal of Pediatric 
Asthma, Allergy and Immunology. I am also Chair of the TC-Z264 Drug Related Standards 
Section of the Canadian Standards Association (CSA) Healthcare Technology Program, which 
develops standards for medical devices and treatments. 

4. In 2006 I received the Thomas T. Mercer Joint Prize. Sponsored by the American 
Association for Aerosol Research and ISAM, the Thomas T. Mercer Joint Prize recognizes 
achievement of excellence in the field of medical aerosols and inhalable materials. 

5. I have authored and co-authored numerous peer-reviewed publications in the field 
of inhalation therapy, including publications on drug delivery devices, lung dose and deposition, 
the effects of particle size on drug delivery, and dose targeting for dry powder inhalers. 

6. Further details of my education and professional experience, as well as a list of the 
publications that I authored or co-authored, are set forth in my Curriculum Vitae, which is 
attached to this report as Exhibit 1 . I have not provided expert testimony at trial or by deposition 
in the last four years. 

7. I have been retained by the U.S. Patent and Trademark Office ("USPTO") on 
behalf of the Defendant in this lawsuit. I am being compensated by the USPTO for my work in 
connection with this lawsuit at a rate of $250/hour. My compensation is not contingent on the 
contents of this report or any particular outcome in this lawsuit. 

8. In formulating my opinion, I have considered my professional experience and 
knowledge, as well as the following documents: 

(a) Expert Report of Dr. Ronald G. Crystal ("Crystal Rep.") 
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and the exhibits attached thereto; 

(b) U.S. Patent Application No. 09/848,774, as published, 
(Crystal Rep., Exhibit 4 ); 

(c) The claims on appeal (Crystal Rep., Exhibit 5); 

(d) The Decision on Appeal from the Board of Patent Appeals 
and Interferences ("Board") (Crystal Rep., Exhibit 6); 

(e) hitemational Patent Publication No. WO 90/0735 1 to 
Schenk et al. ("Schenk") (Crystal Rep., Exhibit 7); 

(f) U.S. Patent No. 5,192,548 to Velasquez et al. 
("Velasquez") (Crystal Rep., Exhibit 8); 

(g) Harrison's Principles of Internal Medicine, Ch. 337 
"Diabetes Mellitus" at pp. 1986-87 (Kurt Isselbacher et al. 
eds., 13th ed. 1994) ("Harrison") (Crystal Rep., Exhibit 9); 

(h) U.S. Patent No. 5,320,094 to Laube et al. ("Laube") 
(Exhibit 2 hereto); 

(i) Laube et al. , Preliminary Study of the Efficacy of Insulin 
Aerosol Delivered by Oral Inhalation in Diabetic Patients, 
JAMA Apr. 28, 1993; 269:2106-2109; 

(j) Patton et al, Pulmonary delivery of peptides and proteins 
for systemic action. Advanced Drug Delivery Reviews, 8 
(1992) 179-196; 

(k) Patton, et al., Aerosol Insulin - A Brief Review, 
Respiratory Drug Delivery IV, 1994, 65-74; 

(1) Olson et al.. Pressure drop and fluid flow regime of air 
inspired into the human lung. Journal of Applied 
Physiology, Vol. 28, No. 4, April 1970, 482-494; 

(m) Klonoff, Inhaled Insulin, Diabetes Technology & 
Therapeutics, Vol. 1, No. 3, 1999, 307-313; 

(n) Dolovich, Lung Dose, Distribution, and Clinical Response 
to Therapeutic Aerosols, Aerosol Science and Technology 
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18:230-240(1993); 

(o) Farr et al., AERx-Development of a Novel Liquid Aerosol 
Delivery System: Concept to Clinic, Respiratory Drug 
Delivery V, 1996, 175-182; 

(p) Farr et al.. Technical Development of AERx Diabetes 

Management System: Essential Characteristics for Diabetes 
Treatment w^ith Pulmonary Insulin, Respiratory Drug 
Delivery VIII, 2002, 51-59; 

(q) Dolovich et al.. Optimal Delivery of Aerosols from 
Metered Dose Inhalers, Chest, Vol. 80, 6 Dec. 1981 
Supplement, 911-915; 

(r) Farr et al.. Comparison of in Vitro and in Vivo Efficiencies 
of a Novel Unit-dose Liquid Aerosol Generator and a 
Pressurized Metered Dose Inhaler, International Journal of 
Pharmaceutics 198 (2000) 63-70; 

(s) Chen et al.. Hypoglycemic efficacy of pulmonary delivered 
insulin dry powder aerosol in rats, Acta Pharmacol Sin 
2002 May: 23 (5): 467-470; 

(t) Harvey et al., Airway epithelial CFTR mRNA Expression 
in Cystic Fibrosis Patients after Repetitive Administration 
of a Recombinant Adenovirus, The Journal of Clinical 
hivestigation, Nov. 1999, Vol. 104, No. 9, 1245-1255; 

(u) CipoUa et al, Coarse Spray Delivery to a Localized Region 
of the Pulmonary Airways for Gene Therapy; Human Gene 
Therapy 1 1:361-271 (Jan. 20, 2000); 

(v) Sangwan et al.. Aerosolized Protein Delivery in Asthma: 
Gamma Camera Analysis of Regional Deposition and 
Perfusion, Journal of Aerosol Medicine, Vol. 14, No. 2, 
2001, 185-195; 

(w) Komada et al. Intratracheal delivery of peptide and protein 
agents: Absorption from solution and dry powder by rat 
lung, Journal of Pharmaceutical Sciences, Vol. 83, Issue 6, 
1994, pp. 863-867; 
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(x) Parameswaran et al, Clinical models to compare the safety 
and efficacy of inhaled coricosteriods in patients with 
asthma, Can Respir J Vol. 10, no. 1, Jan./Feb. 2003, 27-34. 

(y) Laube, Treating Diabetes with Aerosolized Insulin, Chest, 
120/3, Sept. 2001 Suppl., 99S-106S; 

(z) Nathan, Counterpoint: No Time to Lihale: Arguments 

Against Inhaled Insulin in 2007, Diabetes Care, Vol. 20, 
No. 2, Feb. 2007, 442-3; 

(aa) Swedish Patent No. 453,566; 

(bb) U.S. Patent No. 4,907,583 to Wetterlin et al; 

(cc) U.S. Patent No. 4,926,852 to Zoltan et al.; 

(dd) U.S. Patent No. 5,755,22 1 to Bisj 



(ee) Laube et al.. Proving the Efficacy of Insulin Dehvered 
Through the Lungs as an Aerosol, Journal of 
Biopharmaceutical Sciences, Vol. 3, [1/2], 163-169. 

II. BACKGROUND 

9. I understand that this lawsuit involves an application for a U.S. patent that claims 

various methods of administering aerosolized dry insulin powder to the lungs for absorption into 
the bloodstream, for the purpose of treating diabetes mellitus ("diabetes"). I further understand 
that the issue to be decided by the Court is whether these claims, numbered 22, 23, 25, 26, 31 and 
35 are patentable under the U.S. Patent Statute. 

Claim 22 reads as follows: 

A method for treating diabetes mellitus in a patient comprising the 
steps of: 

a. supplying a predetermined amount of dry insulin powder to 

an inhalation device; 
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b. releasing a pressurized gas over the predetermined amount 
of dry insulin powder to create an aerosolized suspension 
comprising powder suspended in air, wherein the 
aerosolized suspension contains an amount of insulin that is 
2-10 times higher than the amount needed to be absorbed in 
the bloodstream of the patient; and 

c. inhaling the aerosolized suspension at a flow rate and 
volume sufficient to allow the patient to absorb in the 
bloodstream a controlled dose of insulin that comprises 
between 1-50 units of insulin. 

Crystal Rep., Exh. 5, p. 11 of 13. 

10. 1 understand that Novo Nordisk has asserted that the claims at issue were invented 
no later than January 29, 1993. I also understand that it is important to this Utigation to ascertain 
what was known, as of January 29, 1993, about the administration of medicines, and in particular 
insulin, to the bloodstream via inhalation into the lungs. 

11. By January 29, 1993 I had extensive experience in the administration of medicines 
in aerosolized form into the lungs. More specifically, from 1978 to 1993, 1 was the Associate 
Director of the Bamett Aerosol Research Laboratory at St. Joseph's Hospital, McMaster 
University, Hamilton, Ontario. During this same time period, I published several peer-reviewed 
papers discussing my research in the administration of medicines in aerosolized form into the 
lungs, for example, Dolovich M., The Relevance of Aerosol Particle Size to Clinical Response, J. 
Biopharm. Sci. 1992; 3 (1/2), 139-145; Dolovich, M., Lung Dose, Distribution and Clinical 
Response to the Therapeutic Aerosols, Aerosol Sci. Technol 1993, 18:230-240. I also became a 
member of the Editorial Board for the Journal of Aerosol Medicine in 1990, a position I still 
presently hold. 

III. STATEMENT OF OPINION 
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12. 1 have been asked to respond to Dr. Crystal's statement in his report that "Schenk 
describes oral inhalers which are used for inhaling powdered or particulate medical product into 
the bronchi, to treat diseases of the lungs, such as asthma" and that Schenk's devices "are not 
designed to deliver medication to the alveoli to provide systemic treatment." Crystal Rep., TJH 35- 
36, p. 11. 

13. I disagree that the Schenk devices would not be suitable for delivering medication 
to the alveoli to provide systemic treatment. First, any device that is designed to treat asthma 
necessarily is designed to deliver medication to the peripheral areas of the lung, since to be 
effective, asthma medication must reach both the central airways and the peripheral airways. 
Once medication reaches the peripheral airways it may be deposited on peripheral airway 
surfaces and effect treatment. All or a portion thereof may be absorbed into the bloodstream. 
Remaining particles suspended in the airstream can be carried further into the lungs, including to 
the alveoli. Second, the Schenk devices are designed to deliver drug to the peripheral airways by 
optimizing two main factors affecting such delivery: the speed at which the particles exit the 
device and the distribution of particle sizes within the aerosol cloud. With respect to particle 
speed, Schenk is designed such that particles are slowed before exit in a "mixing chamber." hi 
doing so, the Schenk devices allow the patient to inhale the medicine normally to promote 
particle delivery into the peripheral airways. Schenk at 2-3. Further, the Schenk devices increase 
the number of respirable particles available in the aerosol cloud for inhalation. With respect to 
particle size, the Schenk devices deliver particles of less than 7 jam in size, Schenk at 1, which is 
consistent with the particle size that Dr. Crystal stated would be suitable for deposition in the 
alveoli (up to 6 \im). Crystal Rep. ][ 25, p. 8. 
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1 4. I have been further asked to respond to the statement in Dr. Crystal's report that 
"all of the drugs Velasquez identifies, except insulin, are simpler and much smaller molecules 
than insulin, and none except insulin is a protein," and "[b]ecause of the great differences 
between insulin and the other listed drugs, and the different properties of their molecules, one of 
ordinary skill would not expect that the Velasquez sheet material could reproducibly deliver 
sufficient amounts of insulin to treat diabetes." Crystal Rep., ][ 37, pp. 11-12. 

15. While I agree that the molecular weight of insulin is greater than some drugs used 
to treat asthma and other respiratory diseases, I disagree that one of ordinary skill in the art would 
not expect the Velasquez sheet material to reproducibly deliver sufficient amounts of insulin to 
treat diabetes merely because of the molecular differences between insulin and the other drugs 
identified by Velasquez. If particles are of the same aerosol aerodynamic size, one of skill would 
assume commonalities of behavior in the way the particles are handled by the lung. For example, 
Laube et al. used data derived from the inhalation of a surrogate radio-labeled aerosol of sulfur 
colloid to infer the deposition of an insulin formulation using the same inhalation device. Laube, 
col. 6, line 50 - col. 7, line 25. Further, it was known as of January 29, 1993 that at least a 
portion of the insulin particles inhaled into the lungs would be absorbed into the bloodstream. 
See Laube. 

1 6. I have been asked to respond to Dr. Crystal's opinion, expressed in paragraphs 53 
and 54 of his Expert Report ("Crystal Rep.") that "a person of ordinary skill in the art could not 
experiment with insulin powder, suggested in Velasquez and used in conjunction with the inhaler 
taught in Schenk, to determine the claimed '2-10' range or to lower or control glucose levels." 
Crystal Rep., ^ 54, p. 17. I disagree. A person of ordinary skill in the art, as Dr. Crystal defines 
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it, would certainly be familiar with methods for determining dose in existence by January 29, 
1993, and would have the laboratory skills to implement those methods. See, e.g., Laube. In 
doing so, a person of ordinary skill in the art could safely expose humans to inhalable insulin ar 
thereby determine both the 2-10 range and how to adjust the dose to lower or control glucose 
levels to treat diabetes. 

17. I also disagree with Dr. Crystal's statement that "injectable dosing as taught in 
Harrison has no relevance to, and cannot be applied to, inhalable insulin." Crystal Rep., ^ 54, 
p. 17. For example, the doses administered by subcutaneous injection that are discussed in 
Harrison, or some fraction thereof, would suggest a starting point for the administration of 
inhalable insulin. Indeed, that is precisely what Dr. Beth Laube did in her study of inhalable 
insulin. See Laube, col. 3, lines 10-21; col. 5, lines 60-65. 



fyUtpru^-^ 



Myma B. Dolovich 



February 4, 2008 
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CERTIFICATE OF SERVICE 

I hereby certify that on February 4, 2008, I caused one copy of the foregoing 
Expert Witness Report to be mailed by Federal Express to: 

Susan K. Nash 

Sullivan & Cromwell, LLP. 

1701 Pennsylvania Avenue, N.W. 

Suite 800 

Washington, D.C. 20006 



TAWANA A. HAWKINS 
Paralegal Specialist 
P.O. Box 15667 
Arlington, V A 22215 
571-272-9035 
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Name 

Home Address 



Business Address 



CURRICULUM VITAE 

MYRNAB DO LO VI C H 

391 Queen Streets 
Hamilton, Ontario 
Canada L8P 3T8 

Tel: (905)522-4761 
Fax: (905)526-1214 

Firestone Research Aerosol Laboratory 

Department of Medicine, 

St Joseph's Hospital 

50 Charlton Ave East, 

Juravinski Innovation Tower, Room T2135 

Hamilton, Ontario L8N 4A6 

Canada 

Tel: (905) 522 - 1 1 55, ext. 33597 (office), ext. 32799 (lab) 

Fax: (905)521 -6183 

e-mail: mdolovic@mcmaster.ca 



Citizenship 
Education 



Areas of Interest 



1 963 - Bachelor of Engineering (Electrical) 
McGill University, Montreal, Quebec 



1 968 - Association of Professional Engineers of Ontario 



Aerodynamics of the lung 

Aerosol delivery devices 

Aerosol delivery to the respiratory tract (lung, nasal) 

Aerosols - Characteristics, production, behaviour in the lung 

Bioequivalence of pharmaceutical aerosols 

Effects of therapeutic aerosols on the respiratory tract 

Epithelial Function; ciliary function, structure, mucociliary clearance 

Pulmonary Nuclear Medicine - 2D (Planar) and 3D (PET,CT) Imaging of the Lung 

Pulmonary physiology 

Respiratory therapy 

Standards for In Vitro/In Vivo measurements of pharmaceutical aerosols 

Structure/Function of the lung 
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Employment History/Academic Appointments 

1 998 to date - Associate Clinical Professor, Department of Radiology, 
Faculty of Health Sciences, McMaster University, Hamilton, Ontario 

1 997 to date - Head, Firestone Research Aerosol Laboratory, 

Faculty of Health Sciences, St Joseph's Healthcare, McMaster University, Hamilton, 

Ontario 

1 994 to date - Associate Clinical Professor, Department of Medicine, 
Faculty of Health Sciences, McMaster University, Hamilton, Ontario 

1 989 to date - Special Professional Staff, Department of Medicine, 
St. Joseph's Hospital, McMaster University, Hamilton, Ontario 

1 988 - 1 993 - Assistant Clinical Professor, Department of Medicine, 
Faculty of Health Sciences, McMaster University, Hamilton, Ontario 

1 982 -1 988 - Lecturer (Part-time), Department of Medicine, 
Faculty of Health Sciences, McMaster University, Hamilton, Ontario 

1978 - 1993 - Associate Director, Barnett Aerosol Research Laboratory, 
St. Joseph's Hospital, McMaster University, Hamilton Ontario 

1 968 to date - Special Professional Staff, Department of Nuclear Medicine, 
St. Joseph's Healthcare, McMaster University, Hamilton, Ontario 

1 968 to date - Professional Assistant, Department of Medicine, 
McMaster University, Hamilton, Ontario 

1963 - 1965 Research Assistant, Cardio Respiratory Department, 
McGill University, Montreal, Quebec 



Consultancies 






1988 




Trudell Medical Co. Ltd. 


1990 




Monaghan Medical Corp. 


1993- 


1996 


Dura Pharmaceuticals. 


1993 




Forest Laboratories 


1994 




Muro Pharmaceuticals 


1995 




Searle 


1996 




Health Canada - Reviewer for Dry Powder Inhaler S/NDS (1 


1997 




3M Pharmaceuticals 


1997 




AeroGen,CA 


1998 




GlaxoSmithKline International 


2000 




Schering/Key 


2001 




Delex Inc 


2001 - 


2002 


Aventis 


2002 




Richardson Ventures Inc 


2002 




GenPharm 


2004- 




Topigen Pharmaceutical Inc 


2004 




Wyeth Pharmaceuticals 


2004 




MAP Pharmaceuticals 
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2005 


Pfizer Inc 


2005 


Novartis Inc 


2006 


Ventaira Pharmaceuticals Inc 


2006 


Medihale Ltd, Israel 


2007 


YM Bioscience 



Academic Awards and Honors 

Thomas T. Mercer Joint Prize, Recipient 2006 

Sponsored by American Association for Aerosol Research (AAAR) and the International 
Society for Aerosols in Medicine (ISAM). The Thomas T. Mercer Joint Prize recognizes 
achievement of excellence in the field of medical aerosols and inhalable materials. The 
award consists of a U.S. $5,000 cash prize and a plaque. 

Professional Organization l\/!embersliips 

Association of Professional Engineers of Ontario 
American Thoracic Society (ATS) 
American Association for Aerosol Research (AAAR) 
International Society for Aerosols in Medicine (ISAM) 
Board Of Directors 1 995 - 1 999; 2001 - 2005 
German Association for Aerosol Research (GaeF) 
Ontario Thoracic Society 

Canadian Society for Allergy and Clinical Immunology 
Canadian Lung Association/Canadian Thoracic Society 
Ontario Thoracic Society 



Professional Committees/Editorial Boards 

Committee to Draft Guidelines for the in vivo Evaluation of Generic Metered Dose 

Inhalers (MDIs), Health Protection Branch (HPB), January - February 1990. 
Editorial Board, J Aerosol Medicine, June 1990 to date 
Health-Related Aerosols Working Group, American Association for Aerosol Research, 

1991 
Chair, Aerosol Bioequivalence Committee, McMaster University, 1994 to date 
Board of Directors, International Society for Aerosols in Medicine (ISAM)1 995 - 1 999; 

2001 -2005 
Nominating Committee for Officers and Board of Directors , American Association for 

Aerosol Research, 1997 
Co-chair, American College of Chest Physicians/American College of Allergy and 

Immunology (ACCP /ACAI) Joint Task Force on Guidelines for Aerosolized 

Medication/Devices, 1996-2005 
AAACI Committee on Assessment of Ozone-Depleting Agents (CFCs), 1 997 
OTS Block Term Grant Committee, McMaster University, 1 998 - 2000. 
Faculty Member, Graduate Programmes in Health Sciences, McMaster University 
Editorial Board, Pediatric Asthma, Allergy and Immunology, 2001 to date 
Chair, Canadian Standards Association (CSA), TC-Z264 Drug Related Standards 2003 to 

date; TSC-Z264.1 Inhalant Aerosol Drug Delivery Systems, 1997 to date 
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Chair, Canadian Advisory Committee (CAC) and Head of Delegation, Canada to ISO/TC 

84: Devices for administration of medicinal products and intravascular catheters 

2003 to date 
Member, International Standards Organization (ISO), TC121/SC2, 2005 to date 
Member, FIRM Research Cabinet, McMaster University SJHH Hamilton, 2001 to date 
Member, Father Sean O'Sullivan Research Centre (FSORC), St. Joseph's Healthcare, 

Hamilton, 2002 to date 
Faculty Member, Graduate Programmes in BioMedical Engineering, McMaster University 
Member, Brain Body Institute/ Imaging Research Center, Operations and Review 

Committee, Steering Committee, McMaster University, SJHH, Hamilton, 2003 to 

date 
Member, Pre-Clinical and Translational Imaging Facility, McMaster University, Operations 

& Steering Committee, Communication and User's Group, 2004 to date 
Member, Brain-Body Institute, St Joseph's Hospital, McMaster University 
Member, Radiation Safety Committee, St Joseph's Healthcare, Hamilton 
Member, Health Canada Advisory Committee Scientific Advisory Committee - 

Respiratory and Allergy Therapies (SAC-RT), 2006 to date 
Member, Medical Committee of The Asthma Society of Canada, 2007 to date 



Journal Referee/Peer-Reviewer 

Allergy 

American Journal Respiratory & Critical Care Medicine 

Canadian Journal of Clinical Pharmacology 

Canadian Journal of Physiology and Pharmacology 

Canadian Respiratory Journal 

Chest 

Clinical Respiratory Physiology 

European J Pharmaceutical Sciences 

European Respiratory Journal 

J Computed Assisted Tomography 

Journal Allergy Clinical Immunology 

Journal of Aerosols in Medicine 

Journal of Applied Physiology 

Pediatric Asthma, Allergy & Immunology 

Pediatric Pulmonology 

Proceedings of the American Thoracic Society 

Respiratory Care 

Thorax 



External Grant/Awards Reviewer 

Alberta Lung Association 

Asthma Foundation of Western Australia Research Program, 2005 

Canadian Cystic Fibrosis Foundation 

Canadian Institutes of Health Research (CIHR), Grant Reviewer, 2002 

External Opponent for Ph.D. Thesis Defence, Candidate Eva Bondesson Faculty of 

Medicine, University of Lund, Sweden, January 2006 
Father Sean O'Sullivan Research Center, St. Joseph's Hospital, Hamilton, Ontario 
Medical Research Council 
National Sciences and Engineering Research Council of Canada (NSERC), re: E.W.R. 

Steacie Memorial Fellowships 
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National Sciences and Engineering Researcin Council of Canada (NSERC), re: Zhu and 

Lewis application 2007 Pulmonary Delivery of Surfactant for Treatment of Lung 

Diseases 
Ontario Thoracic Society 

Research Institute, Ottawa General Hospital, Ottawa, Ontario 
Royal Society of Canada (RSC), re: Letter of Support for University of Alberta's 

nomination of Prof. W. Finlay to RSC, 2007 
Sir Mortimer Davis Research Institute, Jewish General Hospital, Montreal, Ouebec 
U.S. National Institutes of Heath (NIH) Respiratory and Applied Physiology (RAP) Study 

Section, Grant Application Review Meeting, Bethesda, Maryland, USA, February 

1987 
University of Western Australia, External Reviewer Ph.D. Thesis, 2000 

Research Funding 1991 to date 

1 . 1 991 PSI $55,000. Comparison of Lung Deposition in Ventilated Patients from MDI with 
Aerovent and Aerochamber MV22 Unit. Co-investigators: Drs. H. Fuller (principal), M. 
Newhouse. 

2. 1991 Glaxo Inc. $177,352. ETT/Catheter Aerosol Delivery System for MDI Aerosols to Intubated 
Patients. Co-Investigators: Drs. J. Lerman, H. Fuller, M. Newhouse. 

3. 1 992 Ontario Thoracic Society Block Term Grant $9,730. Powder Labelling Project and Partial 
Support for Pharmacy Graduate Student. 

4. 1992 Fujisawa Pharmaceutical Co. $18,000. Characterization of Pentamidine MDI with 2 Add-on 
Devices. 

5. 1992 Forest Laboratories $7,710. Characterization of MDI Delivery System. 

6. 1993 Ministry of Colleges and Universities: University Research Incentive Fund (URIF) Grant 
$75,000. In Vitro Testing of New Designs of Aerosol MDI Drug Delivery Devices. 

7. 1994 Schering Plough Inc. MDI $62,644. Feasibility of Radiolabelling Vanceril. 

8. Zeneca Pharmaceuticals -$15,000. Beclovent/Becloforte/Becotide with/without Chronolog. 

9. Dey Laboratories, CA, $98, OOOUS. Dey SCO vs. Fisons SCO. 

1 0. Dura Pharmaceuticals $37,000US. Radiolabelling of Albuterol for Dryhaler. 

11. 1994-1995 OTS Grant $10,000. Characteristics of MDI Aerosols. 

12. Zeneca Pharmaceuticals US amount. Tilade +/- Chronolog. 

13. Monaghan Medical $4,400. Ellipse vs. Aerochamber. 

14. Astra Pharma Canada .$32,500. Radiolabelling of Budesonide Nasal Formulation. 

15.1995 Dura Pharmaceuticals $69,000. Lung Deposition from Dryhaler in Normals: Comparison 
of High vs. Low Inhalation Flowrates. 

16. 1995 Orion OY $2,000. Catheter Delivery of Beclomed MDI in Ventilated Rabbits. 
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17. 1996-1997 Connaught-Pasteur Laboratories $28,300. Nasal Delivery of Iscom Vaccine. 

18. 1996-1997 Ontario Thoracic Society Block Term Grant $4,800. PET Studies with Aerosolized 
FDG. 

19. 1996-2001 SPARx Grant, Cystic Fibrosis Foundation ~$56,000/yr. Aerosolized Cationic CFTR 
Liposomes. (With 6 Other Investigators). 

20. 1997-1998 3M Corp. -$125,000. Lung Deposition of Radiolabelled HFA-BDP MDI in 
Asthmatics. 

21. 1997-1998 Ontario Thoracic Society Block Term Grant $5,000. Development of a 
Radiolabelled Nicotine Inhaler. 

22. 1998 Monaghan Medical Corp. $17,000. Response to Salmeterol with/without the Aerochamber. 

23. 1 998 - 1 999 Trudell Medical Group. $43,000. In Vitro and In Vivo Evaluation of a New Breath- 
Actuated Jet Nebulizer Design. 

24. 1998 Father Sean O'Sullivan Research Center, St. Joseph's Hospital, Hamilton, Ontario $6,000. 
Marking Activated Macrophages with Tc99m-J001 x in Asthma: A Preliminary In vitro Study. 
Investigators: J. Belda, F.E. Hargreave, M. Dolovich. 

25. 1998 Ontario Thoracic Society Block Term Grant $6,000. The Steroid Sparing Effect of 
Lidocaine Metered Dose Inhaler in Prednisone Dependent Asthma. Investigators: L. Jayaram, 
F.E. Hargreave, M. Dolovich, G. Gleich. 

26. 1999-2000 Sepracor Inc., $100,000. Deposition and Absorption of Inhaled ^^C-Albuterol 
Enantiomers in Asthma. Investigators: M. Dolovich, J. Valliant, R. Chirakal, C. Nahmias, G. 
Coates. 

27. 1999-2000 Schering Plough Research Institute $66,000US. Development of a Radiolabelled 
Formulation of Mometasone Fuomate. 

28. 2001 3M Canada $150,000. In vitro and In vivo Delivery of HFA BDP in Infants with 
Bronchopulmonary Dysplasia. Investigators: M. Dolovich, H. Kirpalani, M. Dunn. 

29.2001 Ontario Thoracic Society $33,200. Inhaled Lidocaine: Efficacy in Prednisone-dependent 
Asthma. Investigators: FE Hargreave, M. Dolovich. 

30. 2001 NIH/ACRN $15,000. Aerosol Characterization of Corticosteroid Formulations Used in 
DICE/MICE Clinical Trials. 

31. 1998 CFI St Joseph's Hospital Group Award Project #101 8 for Firestone Institute Respiratory 
Health PET Scanner $1 8M Pathobiology, Clinical Investigation and Health Impact of Airway 
Inflammation. Dolovich $250,000 in laboratory equipment; $3.5M PET scanner. 

32. 2001 Sepracor Inc, USA. $1 00,OOOUS. Deposition and Kinetics of Inhaled 1 1 C-Enatiomers of 
Salbutamol: Synthesis of Radiolabelled Compound. Investigators: M. Dolovich, J. Valliant. 

33. 2001 Pfizer US $950,000. Deposition and Pharmacokinetics of 18F-lnsulin in Type II Diabetes in 
an Animal Model. Investigators: M. Dolovich, H. Gerstein, J. Valliant. 
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34. 2002 GlaxoSmithKline $160,000. Deposition and Pharmacokinetics of 11 C-salmeterol pMDI in 
Astlnma. Investigators: IVI. Dolovicln, J. Valliant, G. Coates. 

35. 2002 3M Canada $1 1 0,000. Effect on Lung Ventilation of HFA-Beclomethasone dipropionate 
(QVAR) Therapy in Asthma measured by PET. Investigators: M. Dolovich, F.E. Hargreave, A. 
Wilson, G. Coates, K. Gulenchyn. 

36. 2002 Aerogen Inc. 2003 OTS Block Term Grant $267,000 for Scintigraphy Study of the Delivery 
Efficiency of the AeroDose™ 5.7 Metered Dose Liquid Inhaler: Effect of Nebulizer Formulation, 
Aerosol Particle Size and Breathing Pattern. 

37. 2003 OTS Boick Term Grant $1 0,000 for Analysis of Nasal Ciliary Beat Frequency and 
Waveform Pattern using High Speed Imaging Digital Camera and Software. 

38. 2003 Father Sean O'Sullivan Research Centre, St. Joseph's Healthcare $9,937. The Safety of 
Inhaling Phenol-containing Drug Formulations. Principal Investigator: Andreas Freitag M.D.; 
Associate Investigators: R. Labiris Ph.D., F. Hargreave M.D., M. Dolovich P.Eng., A. Efthimiadis 
M.L.T. 

39. OTS Block Term Grant $9,220. Pilot Study: The Safety of Inhaled Preservatives in the 
Parenteral Formulation of Tobramycin. Principal Investigators: A. Freitag M.D. and R. Labiris 
Ph.D.; Co-Investigators: F. Hargreave M.D., M. Dolovich P.Eng., A. Efthimiadis M.L.T. 

40. 2003 OTS Block Term Grant $7,000. Pilot Study: Regional lung inflammation in COPD using 
^^Fluorodeoxyglucose and Positron Emission Tomography (PET). Principal Investigator: M. 
Dolovich, P.Eng.; Co-Investigators: R. Labiris Ph.D., F. Hargreave M.D. 

41 . 2004 FIRH/GSK Internal Research Award $207,793. Detection of Regional Lung Inflammation in 
COPD using ISFIuorodeoxyglucose and Positron Emission Tomography (PET). Principal 
Investigator: M. Dolovich P.Eng. Co-Investigators: R. Labiris Ph.D., G. Cox M.D., K. Gulenchyn, 
M.D. 

42. Date MAP Pharma Inc, USA $132,400US. In Wfro Characterization of the Nebulization of NCD 
Budesonide Compared with Pulmicort Respules. Principal Investigator: M. Dolovich P.Eng. 

43.2004 $94,000. Preparation and Validation of Radiolabelled H FA Ciclesonide. Principal 
Investigator: M. Dolovich P.Eng. 

44. 2004 OTS Block Term Grant $7,044. Development and Validation of 3-Dimensional Lung 
Imaging Analysis Programs for the PET and Micro-SPECT/CT. Principal Investigator: M. 
Dolovich P.Eng. Co Investigator: T. Farncombe Ph.D. 

45. 2005 OTS Block Term Grant. Hyperpolarized ^He Magnetic Resonance Imaging of Lung. 
Principal Investigator: M. Nosewothy Ph.D.; Co-investigators: S. Obruchkov, M. Dolovich P.Eng. 

46. 2005 AstraZeneca $51 ,313 (to my section). Functional Genomics in an Ex Vivo Lung Slice 
Model. Principal investigators: L. Janssen (FIRH), M. Dolovich (FIRH), W. Koopman (Astra 
Zeneca). 

47. 2006 GlaxoSmithKline $156,000. Measurement of Lung Ventilation in COPD Using HHe-3: 
Correlation with Disease Severity. Principal Investigator: M. Dolovich P.Eng.; Co-Investigators: 
M. Noseworthy Ph.D., G. Cox, MB FRCPC FRCPI. 
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48. 2007 OTS Block Term Grant $5,600. Function and Structure of Human Ciliated Bronchial 
Epithelial Cells. Investigators: M. Dolovich P.Eng., A. Yaghi. 

49. 2007 OTS Block Term Grant $4,700. The Direct Effect of Hyperosmolar Agents on Ciliary 
Function of Human Bronchial Epithelial Cells. Investigators: M. Dolovich, A. Yaghi. 



Product Development 

Involved in the design, characterization and validation of the Aerochamber™, a valved 
holding chamber (spacer) device for pMDIs and used worldwide by patients with 
respiratory disease. Manufactured and marketed by Trudell Medical Group in 
London, Ont., Canada and other companies. The Aerochamber™ is the 
recognized market leader world-wide for pMDI spacer devices. 

Involved in the design and validation of the UltraVent Aerosol Delivery System , which 

provides a gas-like aerosol for measuring ventilation. Marketed for V/Q scanning 
world-wide by Mallinckrodt Medical Inc., St. Louis, MO, USA. 

1996 and 2000: Reviewer for Health Canada submissions/NDS for dry powder inhalers; 
Consultant and protocol reviewer for Gardner, Carton and Douglas, Washington 
DC, Legal Counsel forlPAC-T1 and IPAC-T2, the international consortium of 
pharmaceutical companies developing, manufacturing and distributing the new 
non-CFC metered dose inhaler formulations used in the treatment of asthma. 

2000: Spiros™ DPI Technology Review and Development Program (for FDA approval). 
Dura Pharmaceuticals, USA. 

2003 served on the review committee of the Helmholtz Research Institutes of Germany 
assessing performance of their various respiratory and immunology programs. 

2005 Evaluation/Review of Operation and Use of Foradil Certihaler (Novartis USA) for 
FDA protocol approval. 

Lifetime Publications 

Peer-Reviewed Books 

1 . Aerosols in Medicine: Principles, Diagnosis and Therapies. F. Moren, M.T. Newhouse, M.B. 
Dolovich. Elsevier Science Publishers, 1985. 

2. Aerosols in Medicine: Principles, Diagnosis and Therapy. 2nd edition, eds. F. Moren, M.B. 
Dolovich, M. Newhouse, S. Newman. Elsevier Science Publishers, 1993. 

Contributions to Peer-Reviewed Books 

1 . Clearance of RISA Aerosol from the Human Lung. F.J. Wright, D.L. Hopkins, L.N. Hughes, G.K. 
Ingham, M.B. Dolovich and M.T. Newhouse. In: Airway Dynamics, Physiology and 
Pharmacology, A. Bouhuys, C. C. Thomas (eds.), Springfield, pp. 31 3-31 7, 1 970. 
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2. Mucociliary Clearance in Children with Cystic Fibrosis. M. Newhouse, J. Sanchis, M. Dolovich, C. 
Rossman, W. Wilson. In: Fundamental Problems of Cystic Fibrosis and Related Diseases. J.A. 
Mangos, R.C. Talamo (eds.), IBM Corp., N.Y., pp. 31 9-334. 

3. Aerosols: Disposition and Methods of Administration. M. Dolovich, G. Ryan, F.E. Hargreave, M. 
Newhouse. In: Allergy: Principles and Practice, Chapter 21 . E. Middleton, C. Reed, E. Ellis 
(eds.), C.V. Mosby Co., 2nd edition, 1983. 

4. Assessment of Mucus Transport in the Respiratory Tract by Radio-lsotopic Techniques. M. 
Dolovich, M. Newhouse. In: Pulmonary Nuclear Medicine, Chapter 10, M. Loken (ed.), Elsevier, 
pp. 175-196, 1986. 

5. Aerosols: Generation, Methods of Administration and Therapeutic Applications in Asthma. M.B. 
Dolovich, M.T. Newhouse. In: Allergy: Principles and Practice, Chapter 25, Middleton E Jr., 
Reed CE, Ellis EF, Adkinson NF Jr., Yunginger JW (eds.), C.V. Mosby Co., 3rd edition, 1 988. 

6. Aerosol Therapy in Children: Principles and Clinical Relevance. M. Newhouse, M. Dolovich. In: 
Basic Mechanisms of Pediatric Respiratory Disease, Chapter 29. V. Chernick, R.B. Mellins 
(eds.), pp. 409-41 7, 1991. 

7. Factors Which Influence the Response to Histamine and Methacholine. P. O'Byrne, M.B. 
Dolovich. In: Bronchial Provocation Testing, Chapter 5. J. Fish, F.E. Hargreave (eds.). Marcel 
Dekker, Inc., (in press). 

8. Aerosols in Diagnosis: Ventilation, Airway Penetrance, Airway Reactivity, Epithelial Permeability 
and Mucociliary Transport. M.B. Dolovich, D.W. Cockcroft, G. Coates. In: Aerosols in Medicine: 
Principles, Diagnosis and Therapy, F. Moren, M. Dolovich. M. Newhouse, S. Newman (eds.). 
Elsevier Science Publishers, 2"^ Edition, 1993. 

9. Aerosols: Generation, Methods of Administration and Therapeutic Applications in Asthma. M.B. 
Dolovich, M.T. Newhouse. In: Allergy: Principles and Practice, Chapter 28, E. Middleton Jr., CE. 
Reed CE, E.F. Ellis, N.F. Adkinson Jr., J.W. Yunginger, W.W. Busse (eds), C.V. Mosby Co., 4th 
edition, pp. 712-739, 1993. 

10. Inhalation Technique and Inhalation Devices. M.B. Dolovich. In: Lung Biology in Health and 
Disease, Chapter 10, Beta2-Agonists in Asthma Treatment, R. Pauwels, P. O'Byrne (eds.). 
Marcel Dekker, Inc., New York, pp. 229-255, 1997. 

11. Aerosols. M.B. Dolovich. In: Asthma, Chapter 93. P.J. Barnes, M.M. Grunstein, A. R. Left, A.J. 
Woolcock (eds.), Lippincott-Raven, Philadelphia, PA, pp. 1349-1366, 1997. 

12. Drug Delivery Devices and Propellants. M.B. Dolovich and C. Leach. In: Asthma & Rhinitis, 
Chapter 112. W. Busse, S. Holgate (eds.), Blackwell Science, UK, 2"'' Edition, pp. 1 71 9-1 731 , 
2000. 

13. /n V/Vo Measurements of Lung Dose. M.L. Everard, M. Dolovich. In: Lung Biology in Health and 
Disease Series ,vol. 162, Chapter 6, Drug Delivery to the Lung. H. Bisgaard, C. O'Callaghan, G. 
Smaldone (eds.). Marcel Dekker, Inc. New York, pp. 1 73-209, 2001 . 

14. Delivery of Aerosols to Children: Devices and Inhalation Techniques. M.B. Dolovich, M.L. 
Everard. In: Pediatric Asthma: An International Perspective, Chapter 17. C. Naspitz, S. Szefler, 
D. Tinkelman, J. Warner (eds.). Martin Dunitz Publishers, London, UK, pp. 327-346, 2001 . 

15. Aerosol Delivery Devices and Airways/Lung Deposition. M.B. Dolovich. In: Lung Biology in 
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Health and Disease Series, vol. 1 63, Chapter 8, Inhaled Steroids in Asthma: Optimizing Effects 
in the Airways. R.S. Schleimer, P. O'Byrne, S. Szefler, R. Brattsand (eds.). Marcel Dekker, Inc., 
New York, pp. 169-211,2002. 

1 6. Practical Aspects of Imaging Techniques Employed to Study Aerosol Deposition and Clearance. 
M. Dolovich. In: Pharmaceutical Inhalation Aerosol Technology, Chapter 6. A.J. Hickey (ed.). 
Marcel Dekker, Inc. NY, 2"'' Edition, pp. 171-213, 2004. 

17. Choosing the Right Delivery Device. M. Dolovich. In: Childhood Asthma, Chapter 16. A. Szefler 
and S. Pedersen (eds.). Taylor & Francis, New York, pp. 373-401 , 2006. 

18. Aerosols as Drug Carriers. N.R. Labiris, A. P. Bosco, M.B. Dolovich. In: Nanoparticles, Chapter 
17. V. Torchilin (ed.), 2006. 

19. Aerosols and Aerosol Delivery Devices. M. Dolovich. In: Middleton's Allergy, Chapter 41 . N.F. 
Adkinson, Jr, W.W. Busse, B.S. Bochner, S.T. Holgate, F.E.R. Simons, R.F. Lemanske, Jr, f^ 
Edition, 2008, (in press). 

Peer-Reviewed Journal Articles 

1 . Regional Distribution of Inspired Gas in the Lung. Milic-Emili J, Henderson JAM., M.B. Dolovich, 
Trop D, Kaneko K. J AppI Physiol 1 966; 21 : 749-759. 

2. Regional Distribution of Ventilation and Perfusion as a Function of Body Position. K. Kaneko, J. 
Milic-Emili, M.B. Dolovich, A. Dawson and D.V. Bates. J AppI Physiol 1 966; 21 : 767-777. 

3. Steady State Measurements of Regional Ventilation to Perfusion Ratios in Normal Man. N.R. 
Anthonisen, M.B. Dolovich and D.V. Bates. J Clin Invest 1966; 45: 1349-1356. 

4. Recent Experimental and Clinical Experience in Studies of Regional Lung Function. D.V. Bates, 
K. Kaneko, J.A.M. Henderson, J. Milic-Emili, N.R. Anthonisen, R.Dolfuss and M.B. Dolovich. 
Scand J Respir Disease 1 966; 1 5(Suppl 62):1 5-29. 

5. Regional Distribution and Lung Clearance Mechanisms in Smokers and Non-Smokers. J. 
Sanchis, M. Dolovich, R. Chalmers, M.T. Newhouse. Proc. Aspen (XIII) Conference on Research 
in Emphysema. Chest 1971 ; 59: 25-26. 

6. Regional Lung Deposition and Clearance Mechanisms in Smokers and Non-Smokers. J. 
Sanchis, M. Dolovich, R. Chalmers, M.T. Newhouse. Inhaled Particles and Vapours III Unwin 
(Publisher)London, W.H.Walton, editor. Vol. I, pg. 183-191, 1972. 

7. Quantitation of Regional Aerosol Clearance in the Normal Lung. J. Sanchis, M. Dolovich, R. 
Chalmers, M.T. Newhouse. J AppI Physiol 1972; 33:757-762. 

8. Pulmonary Mucociliary Clearance in Cystic Fibrosis. J Sanchis, M. Dolovich, C. Rossman, W. 
Wilson, M. Newhouse. N Engl J Med 1973; 288:651-654. 

9. Lung Clearance in Patients with Airways Obstruction. J. Sanchis, M. Dolovich, C. Rossman, M. 
Newhouse. Bull Physio-Path Respir 1973; 9:325-335. 

1 0. Effect of Sulphur Dioxide on Tracheobronchial Clearance in Man. R.K. Wolff, M. Dolovich, CM. 
Rossman and M.T. Newhouse. Arch Environ Health 1975; 30(11): 521-527. 
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1 1 . Aerosol Penetrance: A Sensitive Index of Peripheral Airways Obstruction. Dolovich M, Sanchis 
J, Rossman C, Newhouse MT. J AppI Physiol 1 976; 40(3): 468-471 . 

12. Evaluation of Bronchial Clearance after Inhalation of Radioactive Material. Sanchis J, Dolovich 
M, Rossman C, Newhouse M. NSERM, 18-19, January 1974, Vol. 29, pp. 79-88. 

13. Pulmonary Aerosol Deposition in Chronic Bronchitis: IPPB Versus Quiet Breathing. M. Dolovich, 
D. Killian, R.Wolff, G. Obminski, M. Newhouse. Am Rev Respir Dis 1977; 1 15(3): 397-402. 

14. Cystic Fibrosis-Related Inhibition of Mucociliary Clearance In Vivo\r\ Man. C. Rossman, J. 
Dolovich, M. Dolovich, W. Wilson, M.T. Newhouse. J Pediatrics 1977; 90(4): 579-584. 

15. Effects of Exercise and Eucapnic Hyperventilation in Bronchial Clearance in Man.R.K. Wolff, M. 
Dolovich, G. Obminski and M.T. Newhouse. J AppI Physiol 1977; 43(1):46-50. 

1 6. Mucus Secretions and Cystic Fibrosis. Impairment of Mucociliary Clearance in Cystic Fibrosis. 
C. Rossman, J. Dolovich, M. Dolovich, W. Wilson M. Newhouse. Mod ProbI Pediat 1977; 19:140- 
198. (Karger, Basel, Switzerland) 

1 7. Aerosol Therapy with Schi 000. Short-term Mucociliary Clearance in Normal and Bronchitic 
Subjects and Toxicology in Normal Subjects. R. Ruffin, R. Wolff, M. Dolovich, C. Rossman, J. 
Fitzgerald and M. Newhouse. Chest 1 978; 73(4):501 -506. 

1 8. Effect of Threshold Limit Value Levels of S02 and H2S04 on Bronchial Clearance in Exercising 
Man. R.K.Wolff, M. Dolovich, G. Obminski, and M.T. Newhouse. Arch Env Health 1978; 33(1): 
24-32. 

1 9. The Effect of Preferential Deposition of Histamine in the Human Airway. Ruffin RE, M.B. 
Dolovich, Wolff RK, Newhouse MT. Am Rev Respir Dis 1 978; 1 1 7(3):485-592. 

20. Effects of Postural Drainage, Exercise, and Cough on Mucociliary Clearance in Chronic 
Bronchitis. F.A. Oldenburg, Jr., M. Dolovich, J. Montgomery, M. Newhouse. Am Rev Respir Dis 
1979; 120(4): 739-749. 

21 . Standardization of Inhalation Provocation Tests: Two Techniques of Aerosol Generation and 
Inhalation Compared. G. Ryan, M. Dolovich, RS Roberts, PA Frith, FE Hargreave, MT Newhouse. 
Am Rev Respir Dis. 1 981 ; 1 23(2): 1 95-1 99. 

22. Standardization of Inhalation Provocation Tests: Influence of Nebulizer Output, Particle size and 
Method of Inhalation. G. Ryan, M. Dolovich, G. Obminski, D. Cockcroft, E. Juniper, F. Hargreave, 
M. Newhouse. J Allergy Clin Immunol, 1 981 ; 67(2): 1 56-1 61 . 

23. Optimal Delivery of Aerosol from Metered Dose Inhalers. Dolovich M, R.E. Ruffin R, Roberts R, 
Newhouse. M. Chest 1 981 ; 80S: 91 1 -1 5. 

24. Aerosol Penetration to the Lungs: Influence on Airway Response. Dolovich M, Ryan G, 
Newhouse M. Chest 1981 ; 80S: 834-6. 

25. Preferential Deposition of Inhaled Isoproterenal and Propranolol in Asthmatic Patients. Ruffin R, 
Dolovich M, Oldenburg FA, Jr., Newhouse M. Chest 1981 ; 80S: 904-7. 

26. Design and Characteristics of a Portable Breath-Actuated Particle Size Selective Medical Aerosol 
Inhaler. D. Corr, M. Dolovich , D. McCormack, R. Ruffin, G. Obminski, M. Newhouse. J Aerosol 
Sci, 1982; 13: 1-7. 
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27. Clinical Evaluation of the Aerochamber: A Simple Demand Inhalation MDI Aerosol Delivery 
Device. Dolovich M, Ruffin R, Corr D, Newhouse M. Chest 1983; 84:36-41 . 

28. Ventilationsszintigraphie der Lunge mit 99mTc-DTPA over mit 99mTc-Schwefelkolloid? D. 
Kohler, G. Coates. M. Dolovich, M. Newhouse, H. Matthys. NucI Med 1 983; 22:1 1 5-1 1 9. 

29. Konnen radioaktive Aerosole die radioaktiven Edelgase bie der Ventilation-Szintigraphie der 
Lunge ersetzer? D. Kohler, M. Dolovich, G. Coates, M. Newhouse, H. Matthys. Atemw- 
Lungenkrkh 1983;9:265-270. 

30. Bronchodilator Drug Administration. Newhouse M, M.B. Dolovich. Letter re Tobin et al. Am 
Rev Respir Dis 1983; 127:527-529. 

31 . Letter re Toogood et al. "Use of Spacers to Facilitate Inhaled Corticosteroid Treatment of Asthma. 
Am Rev Respir Dis 1984; 130: 950. 

32. Lung Epithelial Permeability in Normals, Asthmatics and Smokers: Relation to Non-specific 
Airway Responsiveness. P.M. O'Bryne, M. Dolovich, R. Dirks, R.S. Roberts, M. Newhouse. J 
AppI Physiol: Respirat Environ Exercise Physiol 1984; 57:77-84. 

33. Aerosol Therapy of Bronchial Asthma. Newhouse MT, Dolovich M. Asian Pacific Journal of 
Allergy and Immunology. 1 985; 3:99-1 03. 

34. Ventilation Scanning with Technetium Labelled Aerosols: DTPA or Sulphide Colloid? G. Coates, 
Dolovich M, Koehler D, Newhouse M. Clin NucI Med 1985; 10:835-838. 

35. The Use of Radioactive Aerosols in the Diagnosis of Lung Disease. G. Coates, M.B. Dolovich, 
Chamberlain MJ, Biello DR, Lavender JP. Annals CRMCC. 1985; 18:344-346. 

36. Aerosol Delivery to the Rabbit Lung with an Infant Ventilator. Flavin M, MacDonald M, Dolovich 
M, G. Coates, O'Brodovich H. Pediatric Pulmonology. 1986;2:35-9. 

37. Letter "re Konig: Optimal Use of Metered Dose Inhalers". Chest 1986; 89:469. 

38. Controlof Asthma by Aerosols. Newhouse M, Dolovich M. N Engl J Med 1986; 315:870-874. 

39. Aerosol Therapy of Reversible Airflow Obstruction: Concepts and Clinical Applications. 
Newhouse M, Dolovich M. Chest 1 987;91 :585-645. 

40. Aerosol Therapy of Asthma: Principles and Applications. Newhouse M, Dolovich M. Respiration 
1986;50(Suppl2):123-130. 

41 . Letter re: Reservoir Aerosol Delivery Systems. Clin Pharm; 5:1 98-1 99. 

42. Methodologic Consideration in Mucociliary Clearance and Lung Epithelial Absorption 
Measurements. Dolovich, M. Jordana, M. Newhouse, M. Eur J NucI Med 1987;13:545-52. 

43. Evaluation of Lung Epithelial Permeability. M. Newhouse, M. Jordana, M. Dolovich. Eur J NucI 
Med 1987;13:558-62. 

44. Lung Epithelial Permeability in Sarcoidosis. M. Jordana, M. Dolovich, M. Newhouse. Sarcoidosis 
1987;4:116-121. 
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45. Lung Clearance of 99mTc-DTPA in Patients Witln Acute Lung Injury and Pulmonary Edema. G. 
Coates, O'Brodovich H, Dolovich M. J Thorac Imag 1988; 3:21-27. 

46. Solute Movement across the Alveolar Capillary Membrane after Intratracheal Bleomycin in Rats. 
Jordana M, Dolovich M, Irving L, Tomioka M, Befus D, Gauldie J, Newhouse M. Am Rev Respir 
Dis1988; 138:96-100. 

47. Antigen-induced lung solute clearance in rats is dependent on capsaicin-sensitive nerves. Sestini 
P, Dolovich M, Vancheri C, Stead RH, Marshall JS, Gauldie J, Bienenstock J. Am Rev Resp Dis 
1989; 139:401-406 

48. Reliable salbutamol administration in 6 to 36 month old children by means of a metered dose 
inhaler and aerochamber with mask. W.T. Conner, M.B. Dolovich, R.A. Frame, M.T. Newhouse. 
PediatrPulm 1989;6:263-267. 

49. Physical principles underlying aerosol therapy. Dolovich M. J Aerosol Medicine 1989; 2:171-186. 

50. Pressurized aerosols vs jet aerosol delivery to mechanically ventilated patients: comparison of 
dose to the lungs. Fuller H, M.B. Dolovich, Posmituck G, Wong-Pack W, Newhouse MT. Amer 
Rev Respir Dis 1 990; 1 41 :440-44. 

51 . Letter to the Editor: Replacing CFC aerosols with powders. Dolovich M, Ramsdale EH. CMAJ 
1990; 142:1036. 

52. Letter to the Editor: The use of reservoir devices for the simultaneous delivery of two metered- 
dose inhalers. Newhouse MT, M.B. Dolovich. JACI 1 991 ;87:599. 

53. Clinical Aspects of Aerosol Physics. Dolovich M. Respiratory Care 1 991 ; 36: 931 -938. 

54. Measurement of particle size characteristics of metered dose inhaler (MDI) aerosols. Dolovich M. 
Consensus Seminars on Issues of Aerosol Therapy, Davos, Switzerland April 1 991 . J Aerosol 
Med 1991;4:251-264. 

55. The relevance of aerosol particle size to clinical response. Dolovich M. J Biopharm Sci 
1992;3(1/2);139-145. 

56. Ciliary function, cell viability and in vitro effect of ribavirin on nasal epithelial cells from patients 
with acute rhinorrhea. Dolovich M, Mahoney J, Chambers C, Newhouse M, Chernesky M. Chest 
1992;102:284-287. 

57. Aerosol Delivery During Mechanical Ventilation: A Predictive In-Vitro Lung Model. Fuller HD, 
Dolovich M, Chambers C, Newhouse MT. J Aerosol Med 1992; 5:251-259. 

58. Letter to the Editor: Re:Salbutamol aerosol delivery in man with the Rondo spacer. Newhouse 
MT, M.B. Dolovich. ActaTherapeutica 1992;18:102-105. 

59. Lung dose, distribution and clinical response to therapeutic aerosols. Dolovich M. Aerosol Sci 
Technol 1993; 18:230-240. 

60. Delivery efficiency and particle size characteristics of pressurized metered dose inhaler aerosols 
delivered through narrow catheters. Taylor RH, Lerman J, Chambers C, Dolovich M. Chest 
1993;103:920-924. 
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61. Letter to the Editor: An Inappropriate Device for Aerosol Studies. M.B. Dolovich. Respiratory 
Care, 1993;38:409-412. 

62. NHLBI Workshop Summary: Assessment of Lung Function and Dysfunction in Studies of Infants 
and Children. Berberich, MA and Committee. Am Rev Respir Dis 1993; 148:1105-1108. 

63. Efficiency of bronchodilator aerosol delivery to the lungs from metered dose inhaler via four 
different actuator devices in mechanically ventilated patients. Fuller H, M.B. Dolovich, Turpie FH, 
Newhouse MT. Chest, 1994;105:214-18. 

64. Dose effect relationship of beta-agonists, fenotoral and salbutamol. Newhouse M, Dolovich M, 
Kazim MA. Chest 1 994;1 05:1 738-1 742. 

65. Definition of airway composition with gamma camera images. Martonen TB, Yang Y, Dolovich M. 
J Thoracic Imaging 1994; 9:188-197. 

66. Aerosols as diagnostic tools. Anderson PJ, M.B. Dolovich. J Aerosol Med, 1994;7:77-88. 

67. Optimization of a column liquid chromatographic procedure for the determination of plasma 
salbutamol concentration. Gupta RN, Fuller H, Dolovich M. J Chromatography B 1994;654:205- 
211. 

68. Salbutamol metered dose aerosol induces epithelial airway lesions in intubated rabbits. Spahr- 
Schopfer lA, Lerman J, Cutz E, Newhouse MT, Dolovich, M. Am J Respir Crit Care Med 1 994; 
150:790-4. 

69. Chest position and pulmonary deposition of surfactant in surfactant-depleted rabbits. Broadbent 
R, Fok TF, Dolovich M, Watts J, G. Coates, Kirpalani H. Arch Dis Child 1 995;72:F84-F89. 

70. Characterization of medical aerosols: physical and clinical requirements for new inhalers. 
Dolovich M. Aerosol Sci Technol 1995; 22: 392-399. 

71. Influence of inhalation technique on response and compliance. Dolovich M. Eur Respir Rev 
1995;5:166-9. 

72. Metered-dose inhaler salbutamol-induced tracheal epithelial lesions in intubated rabbits: effects of 
the site of administration and time. Shorten GD, Dolovich M, Lerman J, Cutz E. Chest 
1995;108:1668-1672. 

73. Measurement of the particle size and dosing characteristics of a radiolabelled albuterol-sulphate 
lactose blend used in the SPIROS'' dry powder inhaler. Dolovich M, Rhem R, Rashid F, G. 
Coates, Hill M, Bowen B. Respiratory Drug Delivery V, Interpharm Press, 1996, p332-335. 

74. Dose targeting for dry powder inhalers. Hill M, Vaughan L, Dolovich M. Respiratory Drug 
Delivery V, Interpharm Press, 1996, pi 97-208. 

75. In Vitro Measurements of Delivery of Medications from MDIs and Spacer Devices. Dolovich M. 
Proceedings of In Vitro/In Vivo Standards of Measurement for MDIs Workshop, Atlanta GE. J 
Aerosol Medicine 1996; 9(Suppl 1): S49-S58. 

76. Efficiency of aerosol medication delivery from a metered dose inhaler versus jet nebulizer in 
infants with bronchopulmonary dysplasia. Fok TF, Monkman S, Dolovich M, Gray S, G. Coates, 
Paes B, Rashid F, Newhouse MT, Kirpalani H. Pediatr Pulmonol 1 996;21 :301 -309. 
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77. Delivery of aerosol by metered dose inhaler to paralysed and non-paralysed rabbits. Fok TF, Al- 
Essa M, Monkman S, Dolovich M, Girard L, G. Coates, Kirpalani H. CritCare Med 1997;25:140- 
144. 

78. Changing delivery methods for obstructive lung diseases. Dolovich M. Current Opinion in 
Pulmonary Medicine 1997;3(3):177-189. 

79. Pulmonary deposition of salbutamol aerosol delivered by metered dose inhaler, jet nebulizer and 
ultrasonic nebulizer in mechanically ventilated rabbits. Fok TF, Alessa M, Monkman S, Dolovich 
M, Girard L, G. Coates, Kirpalani H. Pediatr Res 1997; 42:721-727. 

80. Computer simulations of lung morphologies within planar gamma images. Martonen T, Yang Y, 
Dolovich M, Guan X. NucI Med Comm 1997; 18:861-869. 

81. Rationale for spacer use. Dolovich M. Pediatr Pulmonol 1997; SuppI 16:184-185. 

82. Impact of Oropharyngeal Deposition on Inhaled Dose. M.B. Dolovich and Rhem R. ISAM Focus 
Symposium on Aerosol Standards. J Aerosol Med 1 998;1 1 SuppI 1 : S1 1 2-S1 1 5. 

83. Nebulization of surfactants in an animal model of neonatal respiratory distress. Fok TF, Al-Essa 
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84. Effect of continuous lateral rotational therapy on lung mucus transport in mechanically ventilated 
patients. Dolovich M, Churchill E, Mazza M, Powles P. J Crit Care Med 1 998; 1 3:1 1 9-1 25. 

85. Estimation of Pulmonary Deposition of Aerosol using Gamma Scintigraphy. Fok TF, Al-Essa M, 
Kirpalani H, Monkman S, Bowen B, G. Coates, Dolovich M. J Aerosol Med 1999; 12:9-15. 

86. A randomized controlled trial on the effects of inhaled corticosteroids on airways inflammation in 
adult cigarette smokers. Cox G, Whitehead L, Dolovich M, Jordana M, Gauldie J, Newhouse MT. 
Chest 1999; 115:1271-1277. 

87. Randomised controlled study of early use of inhaled corticosteroid in preterm infants with 
respiratory distress syndrome. Fok TF, Lam K, Dolovich M, Ng PC, Wong W, Cheung KL, So 
KW. Arch Dis Child Fetal Neonatal Ed. 1999;80:F203-F208. 

88. New delivery systems and propellants. Dolovich M. Can Respir J 1999;6:290-295. 

89. New propellant-free technologies under investigation. Dolovich M. J Aerosol Med 1999;1 2 SuppI 
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90. Nicotine Microaerosol Inhaler. Andrus P, Rhem R, Rosenfeld J, Dolovich M. Can Resp J 1999 
6(6):509-512. 

91 . Foreword to DIA Proceedings on CFC to HFA pMDI Transition. J Allergy Clin. Immunol. 
1999;104:S216. 

92. Estimating the particle size characteristics of therapeutic aerosols. Dolovich M, Smaldone GC. J 
Aerosol Med 1999;12:215-216. 

93. Unleashing the PET: 3D imaging of the lung. Dolovich M, Nahmias C, G. Coates. In: 
Proceedings of Respiratory Drug Delivery VII. Eds Byron P, Dalby R, Farr SJ. Serentec Press, 
N.C.2000; P215-230. 
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94. Emitted doses of salbutamol pressurized metered-dose iniialer from five different plastic spacer 
devices. DubusJC, Dolovicln IVI. Fundam Clin Pinarmacol 2000; 14: 219-224. 

95. Safety and efficacy of metered dose inhaler delivery of salbutamol in the intubated rabbit. 
Shorten G, Dolovich M, Kuang A, Rhem R, Gouda B, Monkman S, Cutz E, Lerman J. Grit Care 
Med2000;28: 1055-1058. 

96. Influence of inspiratory flow rate, particle size and airway caliber on aerosolized drug delivery to 
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97. Lung models: strengths and limitations. Martonen T, Musante CJ, Segal RA, Schroeter JD, 
Hwang D, Dolovich M, Burton R, Spencer RM, Fleming J. Respir Care 2000; 45(6):71 2-736. 

98. Consensus statement: aerosols and delivery devices. Dolovich M, Maclntyre NR, Anderson PJ, 
Camargo CA Jr, Chew N, Cole CH etal. Respir Care 2000; 45(6)589-596. 

99. Measuring total and regional lung deposition using inhaled radiotracers. Dolovich M.B. J Aerosol 
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1 01 . Dubus JC, Rhem R, Monkman S, Dolovich M. In vitro and in vivo delivery of salbutamol 
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389. 

1 02. Aerosols and devices. M.B. Dolovich, Fink JB. Respir Care Clin N Am. 2001 Jun;7(2):1 31 -1 73. 

103. BeldaJ, Hussack P, Dolovich M, Efthimiadis A, Hargreave FE. Sputum induction: effect of 
nebulizer output and inhalation time on cell counts and fluid-phase measures. Clin Exp Allergy 
2001; 11:1740-4. 

104. Therapeutic equivalence of three metered-dose inhalers containing salbutamol (Albuterol) in 
protecting against methacholine-induced bronchoconstriction in children with asthma. Mallol J, 
Aguirre V, Rhem R, Rodriguez J, Dolovich M. Pediatr Pulmonol. 2001 ;32(6):447-52. 

1 05. Significant variability in response to inhaled corticosteroids for persistent asthma. Szefler SJ, 
Martin RJ, KingTS, Boushey HA, Cherniack RM, Chinchilli VM, Craig TJ, Dolovich M, Drazen, 
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1 06. Distribution of intranasal instillations in mice: effects of volume, time, body position, and 
anesthesia. Southam DS, Dolovich M, O'Byrne PM, Inman MD. Am J Physiol Lung Cell Mol 
Physiol. 2002;282:L833-9. 

1 07. Systemic effect comparisons of six inhaled corticosteroid preparations. Martin RM, Szefler SJ, 
Chinchilli VM, Kraft M, M.B. Dolovich, Boushey HA, Cherniack RM etal. Amer J Resp Crit Care 
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108. Assessing Nebulizer Performance. Dolovich M. Respir Care 2002; 47:1290-1301. 

109. Clinical models to compare the safety and efficacy of inhaled corticosteroids in patients with 
asthma. Parameswaran K, Leigh R, O'Byrne PM, Kelly MM, Goldsmith CH, Hargreave FE, 
Dolovich M. Can Respir J. 2003 Jan-Feb;1 :27-34. 
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110. Emission Tomograpiiy and [ F]fluorodeoxyglucose: An Indicator of Lung Inflammation in Cystic 
Fibrosis? Labiris NR, Nahmias C, Freitag AP, Thompson ML, M.B. Dolovich. Positron ERJ 2003; 
21:848-54. 

111. Pulmonary Drug Delivery Part I: Physiological factors affecting therapeutic effectiveness of 
aerosolized medications. Labiris, RN, M.B. Dolovich. Br J Clin Pharmacol 2003;56:588-599. 

1 12. Pulmonary Drug Delivery Part II: The role of inhalant delivery devices and drug formulations in 
therapeutic effectiveness of aerosolized medications. Labiris, RN, M.B. Dolovich. Br J Clin 
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113. Canadian Standards Association (CSA) Standard CAN/CSA/Z264. 1-02:2002 A New Voluntary 
Standard for Spacers and Holding Chambers Used With Pressurized Metered Dose Inhalers 
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114. In My Opinion— Interview with the Expert. Dolovich, M. Pediatric Asthma, Allergy & 
Immunology, 2004; 17(4): 292-300. 

1 15. Imaging Drug Delivery and Drug Responses in the Lung. M.B. Dolovich and Labiris NR. Proc 
Am Thorac Soc 2004;1 :339-337. 

1 1 6. Device Selection and Outcomes of Aerosol Therapies: American College of Chest Physicians 
/American College of Asthma, Allergy and Immunology Evidence-Based Guidelines. Dolovich M, 
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1 1 7. Canadian Pediatric Asthma Consensus guidelines, 2003 (updated to December 2004): 
Introduction. Becker A, Berube D, Chad Z, Dolovich M, Ducharme F, D'Urzo T, Ernst P, 
Ferguson A, Gillespie C, Kapur S, Kovesi T, Lyttle B, Mazer B, Montgomery M, Pedersen S, 
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118. In Vitro Estimations of In Vivo Jet Nebulizer Efficiency Using Actual and Simulated Tidal 
Breathing Patterns. Bosco AP, Rhem R, M.B. Dolovich. J Aerosol Med 2005 18(4):427-38. 

1 1 9. Guenther KJ, Yoganathan S, Garofalo R, Kawabata T, Strack T, Labiris R, Dolovich M, Chirakal 
R, Valliant JF. Synthesis and in Vitro Evaluation of (18)F- and (19)F-Labeled Insulin: A New 
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1 20. Anti-inflammatory effects of once daily low dose inhaled ciclesonide in mild to moderate 
asthmatic patients. Wilson AM, Duong M, Pratt B, Dolovich M, O'Byrne PM. Allergy 
2006;61(5):537-42. 

1 21 . Positron Emission Tomography versus Positron Emission Tomography - Computed 
Tomography: Tools for Imaging the Lung. M.B. Dolovich, Schuster DP. Proc Amer Thoracic Soc 
2007; 4(4): 328-333. 

Peer-Reviewed Journal Abstracts 

1 . Aerosol Penetrance (AeP): A Sensitive Index of Peripheral Airways Obstruction. Federation 
Proceedings. Vol. 33, No. 3, April 1974. Abstract #899, pg. 365. 
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2. Effect of Cystic Fibrosis Serum on Nasal IVIucociliary Clearance. CM. Rossman, M.B. Dolovich, 
J. Dolovich, W.M. Wilson, M.T. Newhouse. Pediatric Research Vol. 8, No. 4: 469, 1974. 

3. Evaluation of Bronchial Clearance after Inhalation of Radioactive Material. J. Sanchis, M. 
Dolovich, M. Newhouse. Bull Physiol Path Respir 10(2):224, 1974. 

4. Effect of S02 on Human Tracheobronchial Clearance. R.K. Wolff, M. Dolovich, C. Rossman and 
M.T. Newhouse. Federation Proceedings Vol. 34, No. 3, Abstract #951 , pg. 387, April 1 975. 

5. Effect of IPPB on Lung Deposition of a Labelled Aerosol in Patients with Chronic Bronchitis. M. 
Dolovich, D. Killian, R.K. Wolff, M. Newhouse. Am Rev Respir Dis III (6): 943, 1975. 

6. Evidence of an Effect of Cystic Fibrosis Serum on Mucociliary Clearance in Man. C. Rossman, J. 
Dolovich, M. Dolovich, M. Newhouse, W. Wilson. Clinical Research 23: 648a, 1975. 

7. Effects of Hyperventilation and Exercise on Bronchial Clearance in Man. R.K. Wolff, M. Dolovich, 
G. Obminski, M. Newhouse. Federation Proceedings. Vol. 34, No. 3, March 1 , 1 976. Abstract 
#2176,601. 

8. Sulphur Dioxide and Sulphuric Acid Mist - Effects on Bronchial Clearance in Man. R.K. Wolff, M. 
Dolovich, G. Obminski, M. Newhouse. Abstract. 4th International Conference in Medical Physics, 
Ottawa, Canada. July 25-30, 1 976. 

9. Ipratropium Bromide (Schi 000) - Toxicology and Effect on Mucociliary Clearance in Man. R. 
Ruffin, R. Wolff, C. Rossman, M. Dolovich, J. Fitzgerald, M. Newhouse. Clinical Research (1976) 
Vol.XXIV, No. 5,652(a). 

1 0. Effects of Postural Drainage, Exercise and Cough on Mucus Transport in Chronic Bronchitis. M. 
Dolovich, F. Oldenburg, Jr., J. Montgomery, M. Newhouse. CSCI, Feb. 1979, Montreal, Clinical 
Research 26: 37A, 1978. 

1 1 . Cystic Fibrosis Mucociliary Inhibitor (CFMI): In Vivo Effect in Man. C. Rossman, J. Dolovich, M. 
Dolovich, W. Wilson, M. Newhouse. Am Rev Respir Dis 1 1 9(4), Part 2: 281 , 1 979. 

1 2. Effect of Purified Cystic Fibrosis Mucociliary Inhibitor (CFMI) on Nasal Mucociliary Transport in 
Man. C. Rossman, J. Dolovich, M. Dolovich, W. Wilson, M. Newhouse. CF Club, 1979, Atlanta, 
Georgia. 

1 3. Standardization of Inhalation Tests. Influence of Method of Aerosol Generation and Inhalation. 
M. Dolovich, G Obminski, DW Cockcroft, FE Hargreave, MT Newhouse. Am Acad Allergy, New 
Orleans, March 1979 (J Allergy Clin Immunol). 

1 4. Development and Preliminary Clinical Trial of a Portable, Particle Size-Selective, Demand 
Aerosol Inhalation Device. D. Corr, M. Dolovich, D. McCormack, R. Ruffin, G. Obminski, M. 
Newhouse. GAF Conference, Germany, Oct. 1979. 

15. Allergen-Induced Increase in Nonallergic Airway Responsiveness to Histamine. A. Cartier, P. A. 
Frith, M.B. Dolovich, M. Morris, J.L.C. Morse, M.T. Newhouse, F.E. Hargreave. J Allergy Clin 
Immunol 1980, 65(3): 207 Abstract #141 . 

16. Bronchial Provocation Tests: Evaluation of Two Techniques of Aerosol Inhalation. G. Ryan, M.B. 
Dolovich, P. A. Frith, E.F. Juniper, F.E. Hargreave, M.T. Newhouse. J Allergy Clin Immunol 1980; 
65(3):206 Abstract #140. 
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17. Preferential Deposition of Allergen: Influence on Severity and Pattern of Response. P. A. Frith, 
M.B. Dolovich, G. Ryan, M.T. Newhouse, F.E. Hargreave. J Allergy Clin Immunol 1 980; 65(3): 
208 Abstract #146. 

1 8. The Aerochamber: A New Demand-Inhalation Device for Delivery of Aerosolized Drugs. D. Corr, 
M. Dolovich, D. McCormack, R. Ruffin, G. Obminski, M. Newhouse. Am Rev Respir Dis 121(4) 
Part 2:1 23, 1980. 

1 9. Therapeutic Aerosol Delivery in Ventilator System. I. Fraser, A. Duvall, M. Dolovich, M. 
Newhouse. Am Rev Respir Dis 1 23(4) Part 2: 1 07, 1 981 . 

20. Comparison of Submicronic Aerosol Inhalation and Radioactive Gas for Ventilation Studies. M. 
Dolovich, G. Coates, M. Newhouse. Am Rev Respir Dis 1982; 125(4) Part 2:87. 

21 . Lung Epithelial Permeability after Histamine Challenge. P. O'Byrne, M. Dolovich, A. Duvall, M. 
Newhouse. Am Rev Respir Dis 1 982; 1 25 (4) Part 2: 280. 

22. Lung Epithelial Permeability in Normal Subjects, Asthmatics and Smokers. M. Dolovich, P. 
O'Byrne, R. Dirks, M. Newhouse. Chest 1982; 82:253. 

23. Rapidly Changing Appearance of Deposited Submicronic 99mTc- DTPA Aerosol in Smokers' 
Lungs. D. Kohler, G. Coates, M. Dolovich, M. Newhouse. Radiology 1982. 

24. A Comparison Between Submicronic Aerosol and Xenon-127 for Ventilation Images. G. Coates, 
M. Dolovich, M. Newhouse. J NucI Med 1 983; 24: P1 1 3. 

25. Rapidly Changing Appearance of Deposited Submicronic 99mDTPA Aerosol in Smokers' Lungs. 
G. Coates, M. Dolovich, D. Kohler, M. Newhouse. J NucI Med 1 983; 24: P1 13. 

26. Evaluation of Pulmonary Epithelial Permeability with Submicronic 99mTc-DTPA Aerosol. G. 
Coates, M. Dolovich, M. Newhouse. Radiology 1983; 149 (P):243, Abstract #707. 

27. Atrovent Aerosol Inhalation in Asthmatic Adults: A Dose Response Study. M. Dolovich, G. 
Jordana, F. Vickerson, F. Kazim, M. Newhouse. J Allergy and Clin Immunol, Vol. 72, Part 2, 
1984, pi 30. 

28. Assessment of the Delivery of Aerosolized Medication to the Intubated Ventilated Rabbit. M. 
Flavin, G. Coates, M. MacDonald, M. Dolovich, H. O'Brodovich. Am Rev Respir Dis 1984; 
129:A223. 

29. Lung Epithelial Permeability Changes in Rats after Exposure to Bleomycin. M. Dolovich, M. 
Jordana, T. Goto, C. Chambers, J. Gauldie, M. Newhouse. Am Rev Respir Dis 1 985; 1 31 (Part 
2): A312. 

30. Salbutamol Administration for Children under Three by Means of a Mask/Aerochamber Unit. 
W.T. Conner, M. Dolovich, R. Frame, M. Newhouse. J Clin Invest Med 1985; 8:A179. 

31 . In vitro Infection of Nasal Epithelial Cells with Rhino Virus and Anti-Viral Affect of Ribavirin. J.B. 
Mahoney, M.A. Chernesky, M. Dolovich, M. Newhouse, R.K. Lee. 53rd Conjoint Meeting on 
Infectious Diseases July 1985. 

32. High Frequency Chest Wall Oscillation (HFCWD) Physiotherapy in Asymptomatic smokers. M. 
Dolovich, C. Chambers, J.F. Chrome, D. Gross, M. Newhouse. The Physiologist 1985; 28:373. 
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33. Relative Sensitivity of Submicronic Aerosol Ventilation Scintigraphy and Spirometry in Detection 
of Methacholine Induced Bronchospasm in Normal Subjects. Lowey J, G. Coates, Dolovich M, 
O'Brodovich H. Am Rev Respir Dis 1986; 133 (Part 2):A42. 

34. Lung Epithelial Permeability in Patients with Interstitial Lung Disease: Indicator of Parenchymal 
Lung Injury? Dolovich M, Jordana M, Chambers C, Irving I, Newhouse M. Am Rev Respir Dis 
1986;133(Part2):A18. 

35. Lung Epithelial Permeability in Sarcoidosis. M. Newhouse, M. Jordana, M. Dolovich. Sarcoidosis 
1986; 3:119. 

36. Lung Epithelial Permeability (LEP) Changes after a Second Intratracheal (ITT) Instillation of 
Bleomycin. M. Jordana, M. Dolovich, L. Irving, C. Chambers, J. Gauldie, M. Newhouse. 
Sarcoidosis 1986; 3:186. 

37. A Physiological Evaluation of Five Makes of Nebulizer. Can PD20 be used to standardize results 
of aerosol propagation tests? E.F. Juniper, J.E. White, M.M. Morris, M. Dolovich, F.E. Hargreave. 
SEPCR Meeting, Paris, France 1986. 

38. Inflammatory Lung Changes Following Nippostrongylus Brasiliensis Infection. L. Irving, M. 
Jordana, M. Dolovich, J. Gauldie, M. Newhouse. 6th International Congress of Immunology, 
Toronto, Canada 1986. 

39. The Inflammatory Response of the Lungs to Different Dose of Intratracheal Bleomycin. C. 
McSharry, L. Irving, M. Dolovich, P. Sestini, M. Jordana, J. Gauldie. Canadian Society for 
Immunology, 1987. 

40. Pulmonary clearance of DPTA is not altered in rats given Monocrotaline. 0. Matsubara, K. L. 
Suyama, M. Dolovich, C. Chambers, J. M. Kay. Federation Proceedings Abstract. 3950; 46:994, 
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41 . Muco-Ciliary Function in Patients Following Single Lung or Lung/Heart Transplantation. M. 
Dolovich, C. Rossman, C. Chambers, R.F. Grossman, M. Newhouse. The Toronto Lung 
Transplant Group, J.R. Maurer. Am Rev Respir Dis 1 987; Vol 1 35:A363. 

42. Reproducibility of the 99mTc - DTPA Lung Clearance Technique in Forty Normal Young Men. G. 
Coates, M. Dolovich, H.M. O'Brodovich, M.T. Newhouse. Am Rev Respir Dis 1987; Vol 135: 
A215. 

43. Variability of Nebulizer Output During Standard Methods of Inhalation Challenge. G. Rosati, M. 
Dolovich, E.H. Ramsdale. JACI 1987;79:251. 

44. Mast cell involvement in the enhanced inflammatory changes following a second dose of 
intratracheal bleomycin in the rat. Cox G, Irving L, Jordana M, Gauldie J, Dolovich M, Newhouse 
M. Am Rev Resp Dis 1988 (Part 2); 137:44. 

45. Role of capsaicin-sensitive nerves in the control of lung epithelial permeability after allergen 
challenge in sensitized rats. Sestini P, Dolovich M, Vancheri C, Stead RH, Marshall JS, 
Bienenstock J, Newhouse M. Am Rev Resp Dis 1 988 (Part 2); 1 37:376. 

46. Influence of inspiratory flow rate on the response to terbutaline sulphate inhaled by the 
Turbuhaler. Dolovich M, Vanzieleghem M, Heidinger KG, Newhouse MT. Am Rev Resp Dis 
1988 (Part 2); 137:433. 
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47. A comparison of aerosol deposition in tine lung from Aerochamber vs nebulizer in patients 
receiving mechanical ventilation. Fuller H, Dolovich M, Posmituck G, Wong-Pack W, Newhouse 
M. Am Rev Resp Dis 1988 (Part 2); 137:60. 

48. Physical Principles Underlying Aerosol Therapy. Dolovich M. J Aerosol Med 1988; 1 :1 57-8. 

49. Potential Role of Mast Cell Products in Lung Permeability Changes After a Second Dose of 
Bleomycin in the Rat. Cox G, Irving L, Jordana M, Gauldie J, Dolovich M, Newhouse M. 7th 
European Congress on Diseases of the Chest, Dublin, Ireland 1 988. 

50. Influence of Inspiratory Flow Rate (VI) on the Response to Terbutaline (T) Inhaler via the 
Turbuhaler (TH). Dolovich M, Vanzieleghem M, Hidinger K-G, Newhouse M. NER Allergy Proc 
1988; 4:380. 

51 . Capsaicin pre-treatment prevents the early development of increased solute clearance following a 
second dose of bleomycin in the rat. G. Cox, C. McSharry, M. Dolovich, M. Jordana, J. Gauldie. 
Am Rev Respir Dis 1989;139:A239. 

52. Aerosol delivery to the lung through an open tube spacer: importance of inhalation technique. 
M.B. Dolovich, C. Chambers, L. Gerrard, M. Newhouse. Am Rev Respir Dis 1989;139:A144. 

53. A technique to deliver an accurate volume of nebulized aerosol for oral inhalation. D. Pace, M. 
Molle, R, Zelasko, M.B. Dolovich. Am Rev Respir Dis 1989;139:A597. 

54. A comparison of aerosol deposition in the lung from metered dose inhaler (MDI) via three 
devices in patients receiving mechanical ventilation. M. Dolovich, H. Fuller, G. Posmituck, W. 
Wong-Pack, M. Newhouse. Clin Invest Med 1989; 12:B18 

55. Characterization of 3 systems used to deliver pentamidine(P) aerosol. Dolovich M, Chambers C, 
Crossley J, Newhouse MT. Amer Rev Respir Dis 1990: 141 (Part 2); A1 53. 

56. Aerosol deposition as a measure of bronchoconstriction. Richards R, Chambers C, Hargreave 
FE, M.B. Dolovich. Amer Rev Respir Dis 1990; 141 (Part 2): A732. 

57. Aerosol deposition to the lungs by MDI in ventilated patients: ET tubes vs tracheostomy. Fuller H, 
Dolovich M, Turpie F, Posmituk G, Wong-Pack W, Newhouse M. Chest 1 990;98:27S. 

58. Distribution of drug and label in radiolabelled procaterol MDI aerosol. Dolovich M, Chambers C, 
Gerrard L, Newhouse MT. J Aerosol Med 1 991 ;4(Suppl 1 ):8. 

59. Comparative efficiency of aerosol deposition to the lung from 4 devices used with a metered dose 
inhaler (MDI) in mechanically ventilated (MV) patients. Fuller H, M.B. Dolovich, Turpie F, 
Posmituck G, Newhouse M. J Aerosol Med 1 991 ;4 (SuppI 1 ):8. 

60. Measurement of particle size characteristics of metered dose inhaler (MDI) aerosols. M.B. 
Dolovich. J Aerosol Med 1 991 ;4 (SuppI 1 ):39. 

61 . Effects of high dose salbutamol aerosol on lung histology in rabbits. Spahr-Schopfer lA, Lerman 
J, Cutz E, Dolovich M. Anesthesiology 1991 ; 75(Suppl 3A):A980. 

62. Intrapulmonary effects of inhaled glutathione liposomes. Dolovich M, Chambers C, Shek P, 
Newhouse M. Am Rev Respir Dis 1992; 145(Part2); A799. 
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63. Clinical applications and comparisons of dose and distribution from therapeutic aerosol delivery 
systems. Dolovich M. American Association of Aerosol Research Annual Meeting, Michigan, 
October 1 991 . Abstract Book p. 374. 

64. Airway mucosal damage induced by high dose aerosol in rabbits. Spahr-Schopfer lA, Lerman J, 
Cutz E, Dolovich M. Am Rev Respir Dis 1 992; 1 45(part 2); A364. 

65. Albuterol Dose from Four MDI Add-on Devices. Dolovich M, Chambers C, Mazza M, Newhouse 
MT. Proceedings of the Eleventh Annual Meeting American Association for Aerosol Research, 
San Francisco CA, Oct 12-16,1992. 

66. High dose Ventolin MDI induces epithelial lesions in the tracheo-bronchial tree in a rabbit model. 
Spahr-Schopfer lA, Lerman J, Cutz E, Dolovich M. lARS Annual Meeting, Mar 1993. Anesth 
Analg 1993;76:S413. 

67. Lung lesions induced by metered dose inhaler Ventolin: a dose-response study in rabbits. Spahr- 
Schopfer lA, Lerman J, Cutz E, Dolovich M. lARS Annual Meeting, March 1993. Anesth Analg 
1993;76:S414. 

68. Pentamidine aerosol delivered from 3 MDI add-on devices: Comparison of available dose and 
particle size characteristics. Dolovich M, Chambers C, Mazza M, Newhouse M. Am Rev Respir 
Dis1993;147(Part2):A1004. 

69. Albuterol dose available from four MDI add-on devices. Dolovich M, Chambers C, Mazza M, 
Newhouse M. Am Rev Respir Dis 1993; 147(Part 2):A996. 

70. Comparison of the response to salbutamol and terbutaline sulphate administered by MDI or DPI 
in asthmatic subjects. Dolovich M, Churchill E, Newhouse M. Am Rev Respir Dis 1993; 147(part 
2):A58. 

71 . Effect of holding chamber volume on MDI albuterol dose delivered in vitro through an 
endotracheal tube at low tidal volumes. Campbell R, Dolovich M, Chambers C, Newhouse M. 
Am Rev Respir Dis 1 993; 1 47(Part 2):A267. 

72. Dose effect of beta agonists fenoterol(F) and salbutamol(S). Newhouse M, Dolovich M, Keller E. 
Am Rev Respir Dis 1 993; 1 47(Part 2):A57. 

73. Evaluation of performance of Hudson Updraft II jet nebulizers. Schmid G, Newhouse P, Dolovich 
M, Newhouse M. Am Rev Respir Dis 1993; 147(part 2):A996. 

74. Chest position and pulmonary deposition of synthetic surfactant in surfactant-depleted rabbits. 
Fok TF, Broadbent R, Dolovich M, Watts J, G. Coates, Kirpalani H. Can Pediat Soc June, 1 993. 

75. Standards for In Vitro/In Vivo Measurements of MDI characteristics. Dolovich M, Smaldone G. J 
Aerosol Med 1993;6(Suppl):103. 

76. Aerosol delivery to ventilated patients. Dolovich M. J Aerosol Med 1 993; 6(Suppl):92. 

77. Development and evaluation of a method of labelling dry powder drugs for inhalation with 
technetium-99m. Cinquina T, Newhouse M, Dolovich M, Bowen BM. Proceedings of Fine 
Particle Society Annual Meeting, August, 1993, Chicago, Illinois. 
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78. Characterization of medical aerosols: physical and clinical requirements for new inhalers. 
Dolovich M. American Association for Aerosol Research Proceedings 12th Annual Meeting, 
1993, page 313. 

79. Induction of sputum using inhaled hypertonic saline with different nebulizers. Popov T, 
Punthakee Z, Kolendowicz R, Dolovich M, Hargreave FE. J Allergy Clin Immunol 
1994;93:(Part2):168. 

80. Effect of a pause prior to inhaling a MDI aerosol on drug availability through an open tube spacer. 
Dolovich M, Chambers C. J Allergy Clin Immunol 1 994;93:(Part2):1 69. 

81 . Effect of kinetic therapy on lung mucus transport in mechanically ventilated patients. Dolovich M, 
Rushbrook J, Churchill E, Mazza M, Powles ACP. Amer Resp J Crit Care Med 
1994;149(Part2):A1041. 

82. A comparison of eight methods for delivering aerosol to intubated animals. Dolovich M, Chua HL, 
Chambers C, Lerman J, Newhouse M. Amer J Resp Crit Care Med 1994; 149(part 2):A1038. 

83. A labelling technique for the investigation of dry powder aerosol drug delivery systems. Cinquina 
T, Newhouse M, Dolovich M, Bowen B. Amer J Resp Crit Care Med 1994; 149(Part2):A908. 

84. Comparison of metered dose inhaler (MDI) and jet nebulizer (JN) in delivering salbutamol (Salb) 
aerosol to infants with bronchopulmonary dysplasia (BPD). Fok TF, M.B. Dolovich, Newhouse 
MT, Gray S, G. Coates, Monkman S, Paes B, Kirpalani H. Amer J Resp Crit Care Med 
1994;149(Part2):A546. 

85. Delivery of exogenous surfactant(S) to surfactant-depleted rabbits by ultrasonic(U) and jet(J) 
nebulizer. Fok TF, Al-Essa MM, Monckman S, M.B. Dolovich, G. Coates, Bowen B, Kirpalani H. 
Pediatric Research 1 994;35(4) Abstr 1 979. 

86. Does metered dose inhaler aerosol salbutamol delivered proximal to the endotracheal tube, 
induce tracheal lesions in rabbits? Shorten G, Cutz E, Lerman J, Dolovich M. Canadian J 
Anaesthesia 1 994;41 :A-26-A. 

87. In V/fro Characterization of Vanceril(V) Aerosol from the Microspacer (MS). M. Dolovich, R. Rhem, 
E. Summers. JACI 1 995;95(Part 2):A356,229. 

88. Validation of radiolabelling technique for Vanceril MDI. Dolovich M, Girard L, Summers E, Rhem 
R. Amer J Resp Crit Care Med 1995; 151 (Part 2): A60. 

89. Delivery of metered dose inhaler aerosols to paralysed and non-paralysed ventilated rabbits. Fok 
TF, Al-Essa, Monkman S, Dolovich M, Girard L, G. Coates, Kirpalani H. Amer J RespCritCare 
Med 1995; 151(Part 2): A746. 

90. Efficiency and safety of metered dose inhaler salbutamol delivery to the lungs in the intubated 
rabbit. Shorten GD, Dolovich M, Rhem R, Lerman J, Cuta E. Amer J RespCrit Care Med 1 995; 
151(Part2):A269. 

91 . Comparison of 7 Inlet Stages for Sizing Aerosols. M. Dolovich, R. Rhem J Aerosol Med 1 995; 
8:125: P183. 

92. Relationship between infant weight and lung deposition of aerosol. Dolovich M,Fok TF, 
Monkman S, Gray S, Rashid F, Paes B, Newhouse M, Kirpalani H. Eur Resp J 1995; 8(Suppl 
19):201S. 
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93. Comparison of performance of aluminum witln plastic holding chambers with four drugs used in 
inhalation therapy. M.B. Dolovich, Mitchell JP.Nagel M. Eur Resp J 1995; 8(Suppl 19) 360S. 

94. Lung deposition of albuterol sulphate from the Dura Dryhaler in normal adults. Dolovich M, Rhem 
R, Rashid F, Bowen B, G. Coates, Hill M. Amer J Resp Grit Care Med 1 996; 1 53:A62. 

95. A randomized controlled trial of inhaled steroid therapy on measures of airway inflammation in 
adult smokers. Cox G, Whitehead L, Dolovich M, Jordana J, Gauldie J, Newhouse M. Amer J 
Resp Crit Care Med 1 996; 1 53: A1 26. 

96. Measurement of the particle size and dosing characteristics of a radiolabelled albuterol-sulphate 
lactose blend used in the SPIROS'' dry powder inhaler. Dolovich M, Rhem R, Rashid F, G. 
Coates, Hill M, Bowen B. Respiratory Drug Delivery V, Interpharm Press, 1996, p332-335. 

97. Dose targeting for dry powder inhalers. Hill M, Vaughan L, Dolovich M. Respiratory Drug Delivery 
V, Interpharm Press, 1996, pi 97-208. 

98. Rationale for spacer use in children. Dolovich M. Proc 2nd International Congress on Pediatric 
Pulmonology, Nice, France, 1 996, p 227-228. 

99. Does the Chronolog actuator affect the emitted dose and aerosol characteristics of Tilade MDI? 
Dolovich M, Rhem R. P1295 Eur Respir J 1996;9(Suppl 23): 205S. 

1 00. Dolovich M, Fok TF, AlEssa M, Monkman S, Bowen B, G. Coates, Kirpalani H. Independent 
estimate of pulmonary deposition of aerosol using gamma scintigraphy. Eur Respir J 1 996;(Suppl 
23):279S. 

1 01 . Delivery of beclomethasone dipropionate (BDP) as a function of number of breaths at low tidal 
volume in two small volume holding chambers for pediatric use. Mitchell J, Nagel M, Dolovich M. 
P2691 .Eur Respir J 1 996;9(Suppl 23): 433S. 

1 02. Equivalence of generic and innovator sodium cromoglycate nebulizer solutions. Dolovich M, 
Rhem R. Amer J Resp Crit Care Med 1 997;1 55 (Part 2):A668. 

1 03. Protective effect of generic salbutamols on responsiveness to methacholine in asthmatic 
children. Mallol J, Aguirre V, Figueroa L, Dolovich M. International Pediatric Respiratory 
Congress, Sydney, Australia, March 1997. 

104. Measuring particle size distributions of nebulized aerosols. Dolovich M. J Aerosol Med 1997; 
10:89. 

105. Improving aerosol delivery: spacers/holding chambers. Dolovich M. J Aerosol Med 
1997;10:166-167. 

106. Aerosol delivery to mechanically ventilated patients: MDI vs. nebulizer. Dolovich M. J Aerosol 
Med 1997; 10: 165. 

1 07. Delivery Characteristics of 3 Nebulizers with 3 Sodium Cromoglycate Solutions. Dolovich M, 
Rhem R. J Aerosol Med 1997;1 0:267. 

108. Small Differences in Inspiratory Flow Rate (IFR) and Aerosol Particle Size Can Influence Upper 
and Lower Respiratory Tract Deposition. Dolovich M, Rhem R. J Aerosol Med 1997;1 0:238. 
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1 09. Characterization of aerosolized cationic lipid/plasmid expression cassettes for delivery to the 
lung. Kwong WTJ, Otulakowski G, Rhem R, Steer B, Bowen B, Tanswell AK, O'Brodovich H, G. 
Coates, Dolovich M. Amer J Resp Grit Care Med 1 998; 1 57: A1 33. 

110. 3D imaging of the lung: pet scanning and aerosols. Dolovich M, Inman M, Wahl L, Nahmias C, 
Hargreave F, G. Coates. Amer J Resp Crit Care Med 1 998;1 57:A78. 

111. Preparation of microaggregated human serum albumin labelled with ^^'^Tc to enable in vivo 
evaluation of suspension aerosols. Cheung D, Bowen B, Rashid F, Rhem R, Dolovich M. Amer 
J Resp Crit Care Med 1 998;1 57:A638. 

112. Lung deposition of radiolabeled Ventolin^ administered via several small spacers to intubated 
spontaneously breathing rabbits. Dubus JC, Rhem R, Dolovich M. Amer J Resp Crit Care Med 
1998;157:A638. 

1 1 3. Use of dynamic spiral CT to evaluate vocal chord geometry: inspiratory flow rate (IFR) changes 
using two different dry powder inhalers for asthma. Schemmer DC, Coblentz CL, Rhem R, M.B. 
Dolovich. Proceedings Canadian Radiological Association Annual Meeting, June 1998, Halifax 
NS. 

114. /n wfro characterization of salbutamol generic MDIs: delivery via small spacers. Dubus JC, 
Rhem R, Dolovich M. Eur Resp J 1998;12(Suppl 28):65S. 

1 1 5. Induced sputum: comparison of effect of high and low nebulizer output and duration of 
inhalation on cell counts. Belda J, Hussack P, Efthimiadis A, Dolovich M, Hargreave FE. JACI 
1 999; 1 03 (Part 2):Abstract 1 76:S46. 

116. In wfro deposition of HFA vs CFC-beclomethasone (BDP) MDI at low tidal volumes. Bowser L, 
Rhem R, Dolovich M. AJRCCM 1999; 159(Part 2): A151 . 

1 1 7. Simulating aerosol delivery: effect of particle size, tidal volume and inspiratory flow rate. 
Dolovich M, R. Rhem R, Kwong J. AJRCCM 1999;159(Part 2):A615. 

1 1 8. Positron emission tomographic PET) imaging of the lung in cystic fibrosis: 3D assessment of 
the distribution of inhaled therapy. Dolovich M, Nahmias C,Thompson M, Yuki S., Frietag A., G. 
Coates. AJRCCM 1999; 159(Part 2): A687. 

1 1 9. Use of dynamic spiral CT to evaluate vocal chord geometry during inhalation from two different 
DPIs. Schemmer DC, Coblentz CL, Rhem R, Dolovich, MB. AJRCCM 1 999; 1 59(Part 2): A1 20. 

120. Aerosol Delivery to Children: What to Use, How to Choose. Dolovich M. Pediatr Pulmon 1999 
SuppI 18:79-82. 

121 . In Wfro delivery of CFC and HFA salbutamol via small spacer devices. JC Dubus, R Rhem, M. 
Dolovich. Pediatr Pulmon 1999 SuppI 18:233. 

1 22. Comparison of effect of time of inhalation and nebulizer output on cell counts. Belda J, 
Hussack P, Efthimiadis A, Dolovich M, Hargreave FE. AJRCCM 1 999; 59(Part 2): A848. 

123. /n Wfro Characterization of Two BDP HFA pMDIs. Dolovich M, Rhem R. J Aerosol Med 
1999;12:112. 

1 24. A standard for the testing of spacers and holding chambers - in vitro testing requirements. 
Mitchell JP, M.B. Dolovich. J Aerosol Med 1 999; 1 2:1 34. 
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1 25. Serevent administration by IVIDI alone versus IVIDI plus Aerochamber. M.B. Dolovich, Clelland 
L, Rhem R, G. Coates. J.ERJ 1999 ;14(Suppl 30): 61S,P473. 

126. /n Wfro Comparison of a BDP HFApMDI with CFC Beclovent. Dolovich M, Rhem R. ERJ 
1999;14(Suppl30): 197S, P1364. 

1 27. Marking activated macrophages with Tc99m-J001 X in asthma: a preliminary in vitro study. 
BeldaJ, Rhem R, Rashid F, Hargreave FE, Dolovich M., ERJ 1999 ;14(Suppl 30): 3868,2571 . 

128. In wfro comparison of 2 strengths of Beclazone, a beclo-methasone dipropionate (BDP) HFA 
134 pMDI.with CFC Becloventand Becloforte. Dolovich M, Rhem R. AJRCCM 
2000;161(3Part2):A33. 

129. Lung deposition of coarse CFC vs fine HFA pMDI aerosols of beclomethasone dipropionate 
(BDP) in asthma. M.B. Dolovich, Rhem R, Gerrard L, G. Coates. AJRCCM 2000;161 (3Part 
2):A33. 

130. Imaging airway inflammation in obstructive respiratory diseases using J001X scintigraphy. A 
preliminary in vitro study. BeldaJ, Rhem R, Rashid F, Hargreave FE, Dolovich M. AJRCCM 
2000;161 (3Part2):A574. 

131 . Defining and quantitating peripheral lung deposition using radiolabelled tracers and 2D 
imaging. M.B. Dolovich, Rhem R and G. Coates. Eur Resp J 2000; 1 6(Supplment 31 ):62S, 
P560. 

132. Lung deposition >50% consistently demonstrated for HFA-beclomethasone dipropionate (bdp) 
extrafine aerosol. M.B. Dolovich, Conway JH, Le Soeuf P, Leach CL. ACAAI 2001 ;86::83 Abstract 
46. 

1 33. Modelling drug output of nebulized cationic lipid:plasmid complexes based on simulated 
breathing patterns. Dolovich M, MistryJ, Rhem R. AJRCCMJ 2001; 163(Part 2):A565. 

134. Distribution of intranasally administered substances in the respiratory and digestive tracts of 
mice. Southam DS, Dolovich M, O'Byrne PM, Inman MD. AJRCCMJ 2001 ; 163(Part2):A925. 

1 35. Lidocaine via hydrofluorocarbon (hfc) metered dose inhaler (mdi) in asthma: a new method of 
delivery, pilot data. Jayaram L, Goodwin S, Rhem R, Gleich G, Hargreave FE, Dolovich M 
AJRCCMJ 2001 ; 1 63(Part 2):A860. 

1 36. Positron emission tomography using 1 8Fluorodeoxyglucose (1 8FDG) uptake as an indicator of 
lung inflammation in cystic fibrosis. Labiris R, Dolovich M, Freitag A, Hargreave F, Nahmias C, 
Thompson M, Holbrook A, MacLeod S. Pediatr Pulmonol 2001 ;Suppl 22: 273. 

137. Predicting in vivo aerosol delivery using simulated breathing patterns. Bosco AP, Rhem R, 
Dolovich M. JACI 2002;109 (Part 1):S244;A742. 

138. Pulmonary deposition of HFA beclomethasone (BDP) MDI in a neonatal animal lung model. 
Bowser L, Rhem R, Monkman S, Kirpalani H, Dolovich M. AJRCCM 2002; 165:A646. 

139. Is aerosol delivery more efficient using breath-actuated nebulization? Bosco AP, Rhem R, M.B. 
Dolovich. AJRCCM 2002;1 65: A1 92. 
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1 40. Defining lung regions for tine purpose of calculating deposition to the small airways. Dolovich 
M, Rhem R, Kish S, Saab C. AJRCCM 2002; 1 65:A1 90. 

141 . ^^Fluorodeoxyglucose ('^FDG) uptake with positron emission tomography (PET) as a 
measurement of lung inflammation in cystic fibrosis (CF). Labiris R, Nahmias C, Freitag A, 
Dolovich M. AJRCCM 2002;165:A282. 

142. Sputum neutrophils take up radiolabelled fluorodeoxyglucose (FDG) analogue. Ripandelli L, 
Radford, K, Labiris R, M. Dolovich, M, Cox G. AJRCCM 2002;165:A282. 

143. Lidocaine hydrofluorocarbon (HFA) 134a metered dose inhaler (MDI) in prednisone dependent 
asthma. Duong M, Morris M, Wilson AM, M.B. Dolovich, Hargreave FE. AJRCCM 2003; Part 2 A 

1 44. Characterization of a liposomal powder for inhalation. Dolovich, MB, Rhem R, Rashid F, Shek, 
PN. AJRCCM 2003; Part 2 A. 

1 45. Impact of tidal breathing on fine particle aerosol delivery to the mouth over nebulization time. 
Bosco A, Rhem RG, M.B. Dolovich. J Aerosol Med 2003;16(2): 227, Abstract 149. 

1 46. Rationale for standardizing in vitro aerosol delivery measurements using simulated human 
breathing patterns. Bosco A, Rhem RG, M.B. Dolovich. J Aerosol Med 2003;16(2):225, Abstract 
150. 

147. 18 Fluorodeoxyglucose (''FDG) using positron emission tomography (PET): a measure of lung 
inflammation in cystic fibrosis. Labiris R, Nahmias C, Freitag A, Dolovich M. J Aerosol Med 
2003;16(2):1 98, Abstract 48. 

148. Does Inhalation of Preservatives from IV Tobramycin Preparations cause Airway Inflammation? 
Labiris NR, Freitag AP, Pratt B, Efthimiadis A, Hargreave FE, M.B. Dolovich. Am J Resp Care 
Crit Med 2004 169(7):A307. 

149. A highly versatile and regioselective strategy for radiolabeling insulin. Guenther KJ, Schaffer P, 
Yoganathan S, Chirakal R, Dolovich M, Zubieta J, Banerjee SR, Levadala MK, Babich JW, 
Valliant JF. J NucI Med 2004; 45: 21 1 P, Abstract 600. 

150. Improved Aerosolization of Suspensions Using Electronic Micropump Technology Compared to 
Conventional Pneumatic Nebulization. Bosco AP, Dolovich M. Chest 2004;126(4Suppl):816S. 

1 51 . Does Particle Size Influence Distribution of Inhaled Therapy in the Presence of Airways 
Obstruction: a 3D PET study of the Lung in Cystic Fibrosis. Dolovich M, Rhem R, Guo X, Labiris 
R,ThabaneL. AJRCCM,2005;v2,A377. 

1 52. Aerosolization of Aqueous Corticosteroid Suspensions Using Electronic Micropump Technology 
Compared to Pneumatic Jet Nebulization. Bosco AP, Dolovich M. AJRCCM 2005; v2 A378. 

1 53. Does Electronic Micropump Technology Reduce Nebulizer Drug Loss For Aqueous 
Corticosteroid Suspensions Compared To Solutions? Bosco AP, Dolovich M. AJRCCM 2005; 
v2,A378. 

1 54. An assessment of the anti-inflammatory properties of low-dose ciclesonide in asthmatic 
patients. Wilson AM, Duong M, Pratt B, Dolovich M, O'Byrne PM. AJRCCM 2005; v2, A677. 

1 55. Canadian Standards Association Standard Z264.1 -02:2002: A new voluntary standard for 
spacers-holding chambers used with pMDIs. M.B. Dolovich, Mitchell JP. ISAM 2005. 
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1 56. Improving delivery efficiency of aqueous corticosteroid suspensions using electronic micropump 
technology. Bosco AP, Dolovich M. ISAM 2005. 

1 57. Validation of Radiolabeled Insulin Powder for Exubera® Studies. Labiris R, Garofalo R, 
Kawabata T, Sadrzadeh N, Guenther T, Valliant J, Strack T, Dolovich M. ADA 2005 

158. Lung deposition of QVAR (HFA134a-BDP) in newborn infants with Bronchopulmonary 
Dysplasia (BPD). Dolovich M, Millar D.Sterling L, Rhem R, Bosco AP, Kirpalani H. Chest 
2005;128(4, Suppl):351S. 

1 59. Defining 3D Regions of Interest in PET Lung Images Using a Shell-Generating Segmentation 
Process. M.B. Dolovich, Yuki S, Rhem R. PATS 2006 A705. 

1 60. The Effects of Sampling Delay and Pretreatment Condition on the Performance of Several 
Small-Volume, Valved Holding Chambers. Lauricella S and Dolovich M. J Aerosol Medicine 
2007;20(Suppl1):202, P124. 

Peer-Reviewed Articles Submitted for Publication 



American Thoracic Society, Toronto, ON, Canada (MAY 1 6-21 , 2008) A Yaghi and M. Dolovich. 
Investigating the Function of Epithelial Cell Cilia Using High Speed Digital Imaging (submitted). 

American Thoracic Society, Toronto, ON, Canada (MAY 1 6-21 , 2008) A Yaghi, C Cox, and M. 
Dolovich. Ciliary Beat Frequency (CBF) of Nasal Epithelial Cell Cilia is Depressed in Subjects 
with Chronic Obstructive Pulmonary Disease (COPD) (submitted). 

American Thoracic Society, Toronto, ON, Canada (MAY 16-21 , 2008) M. Dolovich and S 
Lauricella. The Influence of Inhalation Delay and Detergent Pretreatment on Non-Electrostatic 
(NE) and Non-Conducting (NC) Valved Holding Chamber (VHC) Delivery Efficiencies with a 
Suspension HFA pMDI Aerosol, (submitted). 

Articles 



Proceedings of Meetings - Peer Reviewed 

1 . Effect of Sulphur Dioxide on Clearance in man at Rest and on Exercise. R.K. Wolff, M. Dolovich, 
G. Obminski and M.T. Newhouse. Inhaled Particles and Vapours. W.H. Walton, editor, IV, pg. 
321-330, 1976. 

2. Inhibition of Mucociliary Clearance by Cystic Fibrosis Serum in Man. C. Rossman, J. Dolovich, 
M. Dolovich, W. Wilson, M. Newhouse. Proceedings of the Vllth International Cystic Fibrosis 
Congress, Paris, May 1976 111-119. 

3. Influence of Allergen Deposition Site in Airway Responses. F. Hargreave, P. Frith, M. Dolovich, 
J. Morse, M. Newhouse. In: Sadoul P, Milic-Emili J, Simonsson B.G., Clark T. J. H. eds. Small 
Airways in Health and Disease. Amsterdam: Exerpta Medica, 1979; 143-151. 
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4. Allergen-induced Airway Responses and Relationships with Non-specific Reactivity. F. 
Hargreave, P. A. Frith, M. Dolovich, A. Cartier, G. Ryan, E. Juniper, J. Dolovich, M. Newhouse. 
In: Airway Reactivity, ed. F.E. Hargreave, Astra Pharmaceuticals Ltd., Canada, 1980, pg 216- 
222. 

5. Clinical Significance of Non-Specific Airway Reactivity. F. Hargreave, Astra Pharmaceuticals Ltd. 
Canada, 1980,216-222. 

6. Clinical Aspects of Aerosol Diagnostics: Use of Aerosols to Evaluate Airway Calibre, Reactivity, 
Bronchodilator Therapy and Ventilation. In: Hauck H, ed. International Symposium of Deposition 
and Clearance of Aerosols in the Human Lung. M. Newhouse, M. Dolovich. Bad Gleichenberg, 
Austria, May 1981. 

7. A comparison of submicronic technetium aerosol with xenon 127 for ventilation studies. G. 
Coates, Dolovich M, Newhouse M. Proceedings of 3rd World Congress of Nuclear Medicine and 
Biology, Paris, France: Pergamon Press, 1982; II: 2014-2020. 

8. Lung deposition of aerosols: methods and assessment. Dolovich M.B. In: Proceedings of 
International Workshop in Metered Dose Inhalers. Cantrakon, Quebec 1983; Astra 
Pharmaceuticals. 1985; 27-37. 

9. Technical factors influencing response to challenge aerosols. M.B. Dolovich. In: Hargreave FE, 
Woolcock AJ, eds. Airway Responsiveness: measurement and interpretation. Mississauga: Astra 
Pharmaceuticals Canada Ltd. 1 985; 9-21 . 

10. Measurement of secretion and fluid clearance from the lung. M.B. Dolovich. In: Proceedings of 
40th Annual Conference on Engineering in Medicine and Biology. 1 987. 

1 1 . Therapeutic aerosol delivery systems. M.B. Dolovich. In: Glucocorticoids and Mechanisms of 
Asthma. Eds. Malo J, Hargreave FE, Hogg J, Toogood J. Exerpta Medica 1989; p54-64. 

12. Aerosol Therapy in the Newborn. M.Silverman. Report of a Workshop. Arch Dis Child 1990; 65: 
906-908. 

13. Clinical Aspects of Aerosol Physics. M.B. Dolovich. Respiratory Care 1991 ; 36: 931-938. 

14. Measurement of particle size characteristics of metered dose inhaler (MDI) aerosols. M. 
Dolovich. Consensus Seminars on Issues of Aerosol Therapy, Davos, Switzerland April 1 991 . J 
Aerosol Med 1991;4:251-264. 

15. Lung dose, distribution and clinical response to therapeutic aerosols. M. Dolovich. Aerosol Sci 
Technol1993; 18:230-240. 

16. /n wfro measurements of delivered doses from MDIs and add-on devices. M. Dolovich. J 
Aerosol Med 1993;6:140-141. 

1 7. Physical Basis of Aerosol Therapy. Dolovich M. Catalonian Journal of Pediatric Immunology and 
Allergy 1994;13:5-14. 

18. Characterization of Medical Aerosols: Physical and Clinical Requirements for New Inhalers. 
Dolovich M. Aerosol Sci Technol 1 995; 22: 392-399. 

19. Influence of inhalation technique on response and compliance. Dolovich M. Eur Respir Rev 
1995;5:166-9. 
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20. In Vitro Measurements of Delivery of Medications from MDIs and Spacer Devices. Dolovicln M. 
Proceedings of In Vitro/In Vivo Standards of Measurement for MDIs Workshop, Atlanta GE. J 
Aerosol Medicine 1996; 9(Suppl 1): S49-S58. 

21 . Editorial: Standards for In vitro/in vivo measurements of MDIs. Dolovich M. Proceedings of In 
Vitro/In Vivo Standards of Measurement for MDIs Workshop, Atlanta GE. J Aerosol 
Medicine1996; 9(Suppl 1):S1-S2. 

22. Measuring particle size distributions of nebulized aerosols. Dolovich M. ISAM Focus 
Symposium: Aerosol Therapy with Small Volume Nebulizers: Laboratory to Bedside. J Aerosol 
Med 1997; 10:89. 

23. Improving aerosol delivery: spacers/holding chambers. Dolovich M. Aerosol Therapy Update: 
An ducational symposium presenting the latest information on aerosol therapy. The Johns 
Hopkins Asthma and Allergy Center Nov 22,1 996. J Aerosol Med 1 997;1 0:1 66-1 67. 

24. Aerosol delivery to mechanically ventilated patients: MDI vs nebulizer. Dolovich M. Aerosol 
Therapy Update: An educational symposium presenting the latest information on aerosol 
therapy. The Johns Hopkins Asthma and Allergy Center Nov 22,1 996. J Aerosol Med 1 997; 10: 
165. 

25. Current status on our understanding of the physics of aerosol delivery. Dolovich M. American 
Respiratory Care Foundation Consensus Conference: Aerosols and Delivery Devices Sept. 24 - 
26, 1999 Respiratory Care 2000. 

Meetings/Conferences Chaired/Organized 

Co-Chair, Session on Drug Delivery of Aerosols, 8th Congress of International Society for 

Aerosols in Medicine (ISAM), Davos, Switzerland, April 1991 
Co-Chair, Session on Pharmaceutical Aerosols, Eleventh Annual Meeting American 

Association for Aerosol Research, San Francisco, California, USA, Oct. 12-16, 

1992 
Organizer and Co-Chair, International Society for Aerosols in Medicine (ISAM), North 

American Chapter/McMaster University, Metered Dose Inhaler (MDI) Workshop: 

Standards for In Vitro/In Vivo Measurements, Atlanta, Georgia, USA, Nov. 20 - 

22, 1992 
Organizer and Chair for ISAM Satellite Symposium: Delivery of Metered Dose Inhaler 

(MDI) Aerosols to the Lung: Planning for the Future. 9th Congress of 

International Society for Aerosols in Medicine, Germany. Mar. 30 - April 4,1 993 
Rapporteur: Poster Symposium, Aerosols as Diagnostic Tools, 9th Congress of 

International Society for Aerosols in Medicine, Germany, Mar. 30 - April 4, 1 993 
Member of Advisory Committee to the U.S. FDA discussing Bioequivalence Testing for 

Generic Metered Dose Inhaler (MDI) Suspension Aerosols, Rockville, Marylance, 

USA, Sept. 6,1993 
Program Committee, Drug Information Association (DIA) Workshop: Metered Dose 

Inhalers (MDI) MDIs in the New Millennium, Workshop on regulatory issues of 

efficacy, safety and quality with metered dose inhalers (MDIs) drug dosage 

forms, Toronto, Canada, Oct. 1 8 - 1 9, 1 993 
Organizer and Chair, Drug Information Association (DIA) meeting on Spacers Devices: 

From Bench to Bedside, Boston, Massachusetts, USA, March 27 - 28,1 995 
Co-Chair, Poster Discussion: Towards therapy with CFC-free metered dose inhalers. 

European Respiratory Society Annual Meeting, Stockholm Sweden Sept 7-11, 
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1996 
Organizer and Chair, Drug Information Association (DIA) meeting on Dry Powder Inlnaler 

Devices. Waslnington, DC, USA, January 13 - 14, 1997 
Organizer and Clnair, Drug Information Association (DIA) meeting on Transition MDIs: 

CFC to HFA , Washington, DC, USA, December 7-8,1 998 
Moderator, Workshop on Transition to HFAs, American Academy of Allergy, Asthma and 

Immunology, Annual Meeting, Orlando, PL, USA, March 1999 
Chair, 'Understanding Lung Deposition', Glaxo Wellcome Satellite Symposium 12'^ 

International Congress International Society for Aerosols in Medicine (ISAM), 

Vienna, Austria, June12 - 17, 1999 
Co-Chair, American Association of Respiratory Care Consensus Conference on Aerosols 

and Delivery Devices. Bermuda, Sept. 2 - 26,1 999. 
Chair, Therapeutic Products Programme, Health Canada International Workshop on 

Relative Potency of Inhaled Corticosteroids, May 1 1 , 2000, Toronto, Ontario 
Organizer and Co-Chair, ISAM Workshop: Issues in Imaging, ISAM 2003 Congress, 

Baltimore, MD, USA, June 2003 
Canadian Asthma Consensus Meeting for Pediatric Asthma Guidelines: Use of Delivery 

Devices for Children, June 28 - 29, 2003 Montreal, Quebec 

Presentations: Invited - Peer Reviewed and Not Peer Reviewed 

1 . Presentation at Regional Respiratory Rounds, St. Joseph's Hospital, October 1 987. 
Aerosols: Characteristics and Behaviour in the lung 

2. Instruction in aerosol delivery techniques, permeability and ventilation techniques to 
Nuclear Medicine Staff, St. Joseph's Hospital, respiratory residents, respiratory therapists 

3. St. Joseph's Hospital Nuclear Medicine Work Rounds: "Lung Permeability Measurements 
-Technique and Interpretation", March 1988 

4. 1 989 - McMaster University: Role of the Tutor in Small Group Learning Workshop 

5. Organizing Committee: Health Related Aerosols Working Group, American Association 
for Aerosol Research Annual Meeting, Oct. 1 993 

6. Principles of Aerosols and Nebulizer, McMaster University, Regional Respiratory 
Resident Rounds, Dec. 6, 1994 

7. Aerosol Delivery Devices for Asthma, Allergy/Immunology Rounds, McMaster University, 
Jan. 13, 1995 

8. Pediatric Aspects of Aerosol Delivery to the Lung. Pediatric Grand Rounds, Health 
Sciences Center, University of Alberta, Edmonton, April 5-6,1 995 

9. Nebulizers for Therapy: Principles and Practice. Current Views in Allergy and 
Immunology, 17th Annual Correspondence Course presented by the School of Medicine, 
Medical College of Georgia in cooperation with the American Academy of Allergy and 
Immunology, June 1 995 

1 0. Aerosols, McMaster University Regional Respiratory Resident Rounds, Jan. 9, 1 996 
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11. Improving Aerosol Delivery: Spacers/Holding Chambers, Aerosol Therapy Update: An 
Educational Symposium at Johns Hopkins University School of Hygiene and Public 
Health, Baltimore, MD, USA, Nov. 22, 1996 

12. Aerosol Delivery to Mechanically Ventilated Patients: Metered Dose Inhalers (MDIs) vs. 
Nebulizer, Aerosol Therapy Update: An Educational Symposium at Johns Hopkins 
University School of Hygiene and Public Health, Baltimore, MD, USA, Nov. 22, 1996 

13. Dry Powder Devices, McMaster University Regional Respiratory Resident Rounds, April 
29, 1997 

14. Oakville-Trafalgar Hospital: Respiratory Rounds, New Delivery Devices, Feb. 10, 1998 

15. Novel Imaging Methods for the Respiratory Tract, McMaster University Regional 
Respiratory, Research Rounds, Feb. 24, 1998 

16. Salbutamol HFA Metered Dose Inhalers - Properties and Performance, McMaster 
University, Regional Respiratory Research Rounds, March 24, 1998 

17. Academic Half-Day. McMaster University Medical School, Unit 2. Inhaled Therapy: 
Delivery and Devices, April 8, 1998 

18. Neonatal Seminars: McMaster University Medical School, Aerosol Delivery to the 
Neonate, Sept. 11, 1998 

19. CFC to HFA Transition pMDIs, McMaster University Regional Respiratory Research 
Rounds, Nov. 24, 1998 

20. Tobacco Substitution: Can You Smoke Your Metered Dose Inhaler? McMaster 
University Regional Respiratory Research Rounds, March 9, 1999 

21 . Lung Deposition of Aerosols: How to Measure and Compare Aerosol Delivery Devices, 
Ottawa Pneumo Club, Ottawa, Ontario, Sept. 15,1999 

22. Aerosol Therapy: Hitting the Target. Teleconferences for Respiratory Physicians 
(repeated 7 times), sponsored by the National Jewish Hospital with an educational grant 
from Forest Laboratories, Denver, CO, USA, Aug. - Sept., 1 999 

23. Preparation of HFA Literature Base for Environment Canada Website, October 1 999 

24. Pressurized Metered Dose Inhalers, New Propellants and Accessory Devices: American 
College of Chest Physicians Postgraduate Course on Aerosols in Medicine, ACCP 2000, 
San Francisco, CA, USA, Oct. 2000 

25. Inhaler Devices for Children, Breakfast Seminar, Annual Meeting AAAAI, New Orleans, 
LA, USA, March 2001 

26. Drug Delivery Devices for Asthma Therapy: An Update, Allergy Immunology Rounds 
MUMC April 27, 2001 

27. Delivering Drugs to the Lung: Can we target the small airway?, Meakins-Christie Beer 
Rounds, Meakins-Christie Laboratories, McGill University, Montreal, Quebec, June 5, 
2001 
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28. Unleashing the PET: 3D Imaging of the Lung, Regional Respiratory Research Rounds, St 
Joseph's Hospital, June 12, 2001 

29. CFC Free MDIs and Alternative Inhalers: Choices for Respiratory Therapy, Hamilton 
Health Sciences Respiratory Therapy Educational Retreat, Burlington, Ontario, Nov. 8, 
2001 

30. 3D Imaging with aerosols: Detecting Functional Changes in the Lung Part I. Regional 
Respiratory Research Rounds, St Joseph's Hospital, April 30, 2002 

31 . Review Panel for Helmholtz Association, Programme for Environment Related Diseases, 
Bonn, Germany, Aug. 26 - 27, 2002 

32. Breakfast Seminar, American Academy Allergy, Asthma and Clinical Immunology 60'^ 
Annual Meeting, Optimizing Delivery of Inhaled Steroids to Asthmatics, CME, Denver, 
CO, USA, March 8, 2003 

33. Allied Health Annual Meeting Symposium, Inhalation Devices for Asthma: How do they 
Compare, AAAAI CME, Denver, CO, USA, March 7, 2003 

34. CME Dinner Symposium, Optimizing ICS Therapies: From Suspension to Solution, ATS 
2003, Seattle, WA, USA, May 2003 

35. Asthma Delivery Devices, Current Views in Allergy and Immunology, 25th Annual 
Correspondence Course presented by the School of Medicine, Medical College of 
Georgia in cooperation with the American Academy of Allergy and Immunology, CME, 
May 2003 

36. Nuclear Medicine Research Rounds, Hamilton Health Sciences Drug Delivery to the 
Lung, Sept. 23, 2004 

37. Presentation at Regional Respiratory Rounds, St. Joseph's Healthcare, March 1 , 2005 

38. Device Selection and Outcomes of Aerosol Therapy: ACCP/ACAAI Evidence-Based 
Guidelines, Aerosolterapia con nebulizzatori: presente e prospettive. Italian Association 
of Hospital Pneumologists (AlPO), Siena, Italy June 30, 2005 

Presentations at Professional l\/!eetings 
Invited - Peer-Reviewed 

1. Aerosol Penetrance (AeP): A Sensitive Index of Peripheral Airways Obstruction. FASEB, 
Atlantic City, April 1974. 

2. Effect of IPPB on Lung Deposition of a Labelled Aerosol in Patients with Chronic Bronchitis. 
Combined American Thoracic Society - Canadian Thoracic Society Meeting, Montreal, May, 
1975. 

3. Inhalation Challenge Tests: Evaluation of Techniques of Aerosol Delivery. Canadian Thoracic 
Society Meeting, June 1976, Vancouver, British Columbia. 
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4. Use of Tracer Particulates in Studies of tine Lungs Defence IVIeclnanisms. Particulates in Health: 
Biophysical Problems and Tools for their Solutions, Environmental Seminars, McMaster 
University, March 17, 1977. 

5. Effect of Exercise, Postural Drainage and Cough on Mucus Transport and Chronic Bronchitis, 
Lake Ontario Gas Club, SUNY, Buffalo, Nov. 21 , 1 978. 

6. Effects of Postural Drainage, Exercise and Cough on Mucus Transport in Chronic Bronchitis, 
Canadian Society for Clinical Investigations, Montreal, Feb. 1979. 

7. The Aerochamber: A New Demand-Inhalation Device for Delivery of Aerosolized Drugs. 
American Thoracic Society/Canadian Thoracic Society Annual Meeting, Washington, DC, May 18 
-21, 1980. 

8. Bronchial Provocation Tests: Evaluation of Two Techniques of Aerosol Inhalation for Bronchial 
Challenge Tests. Canadian Thoracic Society, 79th Annual Meeting, June 25 - 27, 1 979, Toronto, 
Ontario. 

9. Airway Permeability in Asthmatic and Normal Subjects. Seminar Day, McMaster University 
Medical Centre, Dec. 9, 1981. 

1 0. Influence of Aerosol Penetration in the Lung on Bronchial Response. Workshop on Lung 
Mucociliary Clearance and Deposition of Therapeutic Aerosols, Miami, PL, USA, Feb. 15-17, 



1 1 . Factors Determining Deposition of Pressurized Aerosol Solutions. Workshop on Lung 
Mucociliary Clearance and Deposition of Therapeutic Aerosols, Miami, FL, USA, Feb. 15-17, 
1981. 

1 2. Effect of Ozone and Sulphur Dioxide on Lung Mucociliary Transport. Workshop for the 
Development of Research Plans for Clinical Studies of Inhaled Pollutants, sponsored by US 
Environmental Protection Agency, Kiwai Island, South Carolina, March 5 - 8, 1 981 . 

13. Standardization of Inhalation Tests: Two Techniques of Aerosol Generation and Inhalation 
Compared. Working Group on Bronchial Reactivity, European Physiological Society, Goteburg, 
Sweden, June 2, 1981. 

14. Lung Epithelial Permeability after Histamine Challenge. Ontario Thoracic Society, Toronto, 
Ontario, Oct. 24, 1981. 

1 5. Advantage of Submicronic Aerosol Inhalation Over Radioactive Gas for Ventilation. Ontario 
Thoracic Society, Toronto, Ontario, Oct. 24, 1 981 . 

1 6. Aerosol Therapy by Mechanical Ventilators, Symposium on Aerosol Therapy, American Thoracic 
Society Scientific Assembly on Clinical Problems. American Thoracic Annual Meeting, May 1 5 - 
1 8, 1 982, Los Angeles, California. 

17. Lung Epithelial Permeability in Normal Subjects, Asthmatics and Smokers. XIV World Congress 
on Disease of the Chest, Toronto, Ontario, Oct. 10-15,1 982. 

18. Aerosol Administration and Deposition. Canadian Society of Pulmonary and Cardiovascular 
Technologists Annual Educational Seminar, Toronto, Ontario, Oct. 14, 1982. 
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1 9. Technical Factors which Influence Response to Aerosols. Workshop on Measurement of 
Bronchial Responsiveness, June 1 5-1 7, 1 983, Cantrakon/Mont Ste Marie, Quebec. Sponsored 
by Astra Pharmaceuticals, Canada, Ltd. 

20. Production and Characterization of Aerosols for Use in the Lung. Symposium on Nuclear 
Medicine, Royal College of Physicians and Surgeons Annual Meeting, Sept. 22, 1983, Calgary, 
Alberta. 

21. *21. Review of Deposition Study Techniques. International Workshop on Metered Dose 
Inhalers, October 1 7-1 8, 1 983, Cantrakon/Mont Ste Marie, Quebec. Sponsored by Astra 
Pharmaceuticals, Canada, Ltd. 

22. Atrovent Aerosol Inhalation in Asthmatic Adults: A Dose Response Study. 40th Annual Meeting 
of the American Academy of Allergy and Immunology. March 1 984, Chicago, II. 

23. Methodologic Aspects of Mucociliary Clearance and Epithelial Permeability. International 
Symposium of Nuclear Medicine in Diseases of the Lung to date Status and Future, Vienna, 
Austria, August 1986. 

24. Aerosols in the Diagnosis of Pulmonary Disorders. Gordon Conference in Aerobiology, Aug. 10 - 
14,1987. New London, New Hampshire. 

25. Measurement of secretion and fluid clearance from the lung. 40th Annual Conference on 
Engineering in Medicine and Biology, Niagara Falls, N.Y., Sept, 10-13,1 987. 

26. Physical Principles Underlying Aerosol Therapy. 7th International Congress on Aerosols in 
Medicine, Rochester, New York, Sept. 25 - 29, 1 988. 

27. Therapeutic Aerosol Drug Delivery: Systems in Reversible Airflow Obstruction. International 
Symposium on Glucocorticoid Steroids and Mechanisms of Asthma: Clinical and Experimental 
Aspects. Nov. 18-191 988, Toronto, Canada. 

28. The Delivery of Medications to the Lung. Manitoba Thoracic Society. February 9, 1 989, 
Winnipeg, Manitoba. 

29. Drug Delivery to the Lungs I. Specialist Meeting of The Aerosol Society. Ware, England Oct 
31,1989. 

30. Aerosol Therapy In The Newborn. Workshop held at Royal Post-graduate Medical School, 
Hammersmith Hospital, London, UK. Dec 7-8,1989. 

31 . Aerosol Delivery Devices and Deposition, presented at the 22nd Annual Respiratory Care 
Seminar:New York State Society for Respiratory Care - Central New York Chapter, Syracuse, 
N.Y.June 8,1990. 

32. Clinical Aspects of Aerosol Physics. Presented at the American Association for Respiratory Care: 
Consensus Conference on Aerosol Delivery. Jan. 10-12,1 991 , Mexico. 

33. Measurement of Particle Size Characteristics of Metered Dose Inhaler (MDI) Aerosols. 8th 
Congress of ISAM, Davos, Switzerland, April 1 4 - 1 7, 1 991 . 

34. Aerosol Drug Delivery in Ventilated Patients ATS Symposium/Aerosol Drug Delivery Systems, 
ATS Annual Meeting, Miami, FL,1992. 
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35. The relevance of aerosol particle size to clinical response. Respiratory Drug Delivery III, School 
of Pharmacy, Virginia Commonwealth University, Williamsburg, VA, USA, May 1 7 - 22,1 992. 

36. Clinical Applications of Aerosols. Symposium on Pharmaceutical Aerosols, Fine Particle Society 
Annual Meeting. Las Vegas, Nevada, USA, July 1 3 - 1 7,1 992. 

37. Nuclear Scans. NIH Division of Lung Diseases Workshop on Assessment of Lung Function and 
Dysfunction in Studies of Infants and Children. Bethesda, MD, USA, Sept. 1 5-1 6,1 992. 

38. Aerosol Deposition in Intubated Patients. NIH Division of Lung Diseases Workshop on 
Assessment of Lung Function and Dysfunction in Studies of Infants and Children. Bethesda, Md. 
Sept. 15-16,1992. 

39. Albuterol Dose from Four MDI Add-on Devices. Eleventh Annual Meeting American Association 
for Aerosol Research, San Francisco, CA, Oct. 12 - 16,1992. 

40. Delivery of Aerosols to Mechanically Ventilated Patients. Visiting Pulmonary Scholar Program, 
Duke University Medical Center, Burroughs-Wellcome Co., Research Triangle Park, NC, USA, 
Nov. 4,1992. 

41 . Aerosol Deposition as a Predictor of Clinical Response. Visiting Pulmonary Scholar Program, 
Duke University Medical Center, EPA-Environmental Protection Agency/CIIT-Chemical Industry 
Institute of Toxicology, Research Triangle Park, NC, USA, Nov. 5,1992. 

42. In Vitro Measurements of Delivered Doses from MDIs and Add-On Devices. MDI Standards for In 
Vitro/In Vivo Measurements, ISAM MDI Workshop, Atlanta, GE., Nov. 21 - 23,1992. 

43. Clinical aspects and new perspectives of aerosol delivery systems. Spanish Society of 
Pneumonology and Thoracic Surgery Annual Meeting, Ribadavia (Orense), Spain, Feb. 5, 1 993. 

44. Delivery Systems for Inhaled Corticosteroids. Respiratory Specialists Meeting: Therapeutic 
Options in the Treatment of Asthma - The Controversial Issues, Feb. 27, 1 993 Melbourne, 
Australia. 

45. The disposition of inhaled drugs in bronchial asthma. Interasma '93, Jerusalem, Israel, Oct. 24 - 
29, 1993. 

46. Delivery of salbutamol aerosol to intubated rabbits: comparison of devices. International 
Neonatal/Infant Conference, Boston MA. May 21 ,1 994. 

47. In Vitro/In Vivo Characteristics of MDI Delivery Systems. 25th Annual Meeting of the Fine 
Particle Society, July 25-28,1 994. 

48. Ouaeritur II: Inhalation Technique and Compliance, London, UK Nov 4,1 994. 

49. Physical Basis of Aerosol Therapy. Catalonian Society of Allergy and Clinical Immunology, 
Barcelona, Spain. Nov 25-26, 1994. 

50. Characteristics of MDI Aerosol. Ontario Lung Association Annual Meeting, Toronto, Ont. Feb. 
10,1995. 

51 . Spacer Devices-Design. DIA meeting on Spacer Devices: From Bench to Bedside. Boston, MA, 
USA, March 27-28, 1995. 
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52. Spacers and Aerosol Delivery Systems. 18th International Conference on Pediatric/Adu It Allergy 
and Clinical Immunology. Toronto, Ontario, Canada July 21 -23, 1 995. 

53. Lung Deposition: How valuable is its' role in documenting and assessing potential effect? 
Delivering Pharmaceuticals to Young Children (<6 years) with Respiratory Disease. Milan, Italy 
Nov 2-3,1 995. 

54. Inhalation Technique and Inhalation Devices. Beta-2 Agonists in Asthma Treatment: New 
perspectives on old principles. Seville, Spain Dec. 1 - 2,1 995. 

55. Spacer devices: delivery systems for pMDI aerosols. Advances in Inhalation Therapy. National 
Heart and Lung Institute, London, UK. Feb 22 - 23, 1 996. 

56. Rationale for spacers in children. Symposium on Aerosol Treatment of Young Children from 
Metered Dose Inhalers. CIIP'96, Nice France June 2 - 6,1996. 

57. ERS Annual Meeting, Stockholm, Sweden Sept. 8-11,1 996. 

58. Factors Affecting In Vivo Measurements of Lung Deposition. Annual Meeting, American 
Association for Aerosol Research, Orlando, FL, Oct .14-18, 1 996. 

59. Impact of Oropharyngeal Deposition on Inhaled Dose. I SAM Focus Symposium: Towards 
Meaningful Laboratory Tests fro Evaluation of Pharmaceutical Aerosols. Puerto Rico Jan. 29 - 
31,1997. 

60. Spacer Devices: what should be standardized? Canadian Standards Association (CSA) Toronto 
January 21, 1997. 

61 . Spacers: Performance and Design - A Variation on a Theme. Advances in Inhalation Therapy. 
National Heart and Lung Institute, London, UK. Feb. 10-11,1 997. 

62. Spacers and Aerosol Delivery Devices. International Conference on Pediatric/Adult Allergy and 
Clinical Immunology. Toronto, Ontario, Canada, Aug, 1 , 1 997. 

63. Liposomes Aerosols for Gene Transfer. 1 1th Annual North American Cystic Fibrosis Conference, 
Nashville, TN, USA, Oct. 23 - 26,1 997. 

64. The MDI and Beyond: Recent Developments in Delivery Systems for Inhaled Corticosteroids. 
AAAAI 54th Annual Meeting. New Corticosteroids for Asthma: Moving into the 21 st Century. 
Scientific Workshop, March 1 6, 1 998, Washington, DC. 

65. New propellants and delivery systems (1/5 Keynote Lectures). Canadian Guidelines on the 
Treatment of Asthma. Niagara-on-the-Lake, May 3-5,1 998. 

66. Aerosol Delivery to Children: What to Use, How to Choose. CUP, Monaco, France, June 1 998. 

67. New Delivery Systems: What Will Replace CFCs? Asthma Therapy Symposium, American 
College of Chest Physicians Annual Meeting Nov. 8-12,1 998 Toronto, Ont. 

68. American Association of Physician Assistants Annual Meeting, May 1999, Atlanta, GA, USA. 

69. New propellant-free technologies under investigation. Boehringer-lngelheim Satellite Symposium 
on New Advances in Propellant-free Inhaled Drug Delivery, 12*^ International Congress of ISAM, 
Vienna, Austria June 12 - 17,1999. 
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70. Current status on our undertanding of the physics of aerosolized delivery. American Respiratory 
Care foundation Consensus Conference: Aerosols and Delivery Devices, Sept. 24 - 26,1999, 
Bermuda. 

71 . The Evolution of Drug Delivery: A Review. ACAACI Symposium Chicago, IL, USA, Nov. 1 1 ,1 999. 

72. New Inhaler Technology - Banning of CFC's. Better Breathing Conference2000 - Family Practice 
Physicians Program. Jan 29,2000 Toronto ON. 

73. Dolovich M. Inspiratory Flow Rate: Definition and Implications for Drug Therapy. Lunch 
Symposium: Technology and Treatment: Managing Asthma in the New Millenium. 56'^ Annual 
Meeting AAAAI, San Diego, CA, March 4 - 8, 2000. 

74. Dolovich M. Options to CFC Inhalers. Scientific Workshop: What's New About Non-CFC 
Inhalers? 56"' Annual Meeting AAAAI, San Diego, CA, March 4 - 8, 2000. 

75. Current Issues in Choosing Inhaler Devices. Respiratory Update 2000, Montreal, Ouebec. March 
24,2000. 

76. Inhaler Devices. Toronto East Respiratory Journal Club. Toronto, May 23, 2000. 

77. TPP, Health Canada Inhaled Corticosteroids Workshop. Scintigraphic Studies Status: Dose 
Deposited versus Dose Inhaled: Influence on Response. May 12, 2000, Toronto, ON. 

78. Dolovich M. Unleashing the PET: 3D Imaging of the lung. Respiratory Drug Delivery 7, Tampa FL 
May 14-18,2000. 

79. CSA Spacer Standard. Management Forum, UK, Nov. 13- 14,2000. 

80. CME Video, Monograph : Reaching the Target: New Developments in Inhalation Therapy for 
Asthma. Current Communications Company /Medical Broadcasting 2001 . 

81 . Inhalation Therapy and Devices: Breakfast Seminar, AAAAI Annual Meeting, March 16-21, 
2001. 

82. Small Airways in Asthma: A Roundtable Discussion. CME Program,/Supplement. National 
Jewish Hospital, Denver CO March 30, 2001 . 

83. From Re-Formulation to Re-Engineering to Re-Evaluation. World Asthma Meeting, ATS July 
2001 Chicago, IL. 

84. From rationale to re-formulation to re-evaluation: optimizing inhaled corticosteroid performance. 
Canadian Society for Allergy and Clinical Immunology Annual Meeting, Oct. 26 - 28, 2001 , Banff, 
Alberta. 

85. Targeting All Areas of Inflammation. CME Symposium. American College of Allergy Clinical 
Immunology. Nov. 1 5, 2001 , Orlando Florida. 

86. Influence of Lung Anatomy, Physiology, Pathology and Therapeutic Aerosol Characteristics on 
Pulmonary Drug Delivery and Response. Practical Approaches to Pulmonary and Nasal Drug 
Delivery. Paris, France, Jan. 24 - 25, 2002. 

87. Optimizing Inhaled Steroid Therapy in Young Children. Lunch Seminar 2525 with P Eggelston, 
MD. AAAAI 58"' Annual Meeting, New York March 2, 2002. 
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88. Inhalation Devices for Asthma: How do they compare. Lunch Seminar 3522. AAAAI 58 Annual 
Meeting, New York March 3, 2002. 

89. Linking Distal Disease with Clinical Outcomes. ATS May 2002 Atlanta GE. Forest Labs Dinner 
Symposium. 

90. Advances in our Knowledge of Airway Deposition of Inhaled Therapy in Patients with Asthma. 
EAACI June 2002 Naples Italy. 

91 . Assessing Nebulizer Performance. American Respiratory Care Foundation Meeting on Emerging 
Nebulizer Technologies. Montreal, Quebec, June 2002. 

92. The Suspension is Over: New Solutions for the Treatment of Asthma. M. Dolovich Optimizing 
ICS Therapies: From Suspension to Solution CME Evening Postgraduate Seminar, AAAAI 
Denver, CO, March 2003. 

93. From Suspension to Solution: Targeting the Distal Airway. CME Evening Postgraduate Seminar. 
99"" International Conference of the American Thoracic Society, May 20, 2003. 

94. Aerosol Delivery Systems and Aerosol Deposition in Asthma. Bram Rose Eastern Allergy 
Conference, Canadian Allergy, Asthma and Immunology Foundation. June 6 - 8, 2003. 

95. Basics of Aerosol Delivery. International Society for Aerosols in Medicine Congress, June 1 3 - 1 8, 
2003, Baltimore, MD, USA. 

96. Defining the Lung and Regions of Interest. Issues in Imaging Workshop. International Society for 
Aerosols in Medicine Congress, June 13-18, 2003, Baltimore, MD, USA. 

97. Pediatric Delivery Devices/Canadian Pediatric Asthma Consensus Conference: Pediatric asthma 
guidelines 2003. June 28 - 29, Montreal, Ouebec. 

98. Chilean Society of Respiratory Diseases, Winter Meeting, Santiago, Chile August 2-3,2003. i) 
Factors that influence the penetration and deposition of medical aerosols in the human lung, ii) 
Bioequivalence of MDI generic aerosols, ill) Measuring particle size and released dose for 
therapeutic aerosols, iv) Advances in aerosol therapy. 

99. Enhancing Corticosteroid Passage Through the Airways. CME Postgraduate Seminar ACCP 
Annual Meeting, Orlando, FL, USA, Oct. 21 , 2003. 

100. Optimizing ICS Therapies: From Solution to Suspension. CME Postgraduate Evening 
Symposium ACAAI Annual Meeting, New Orleans, LA, USA, Nov. 1 1 ,2003. 

1 01 . Imaging Drug Delivery and Drug Responses in the Lung. Transatlantic Airway Conference Jan. 
21 - 23, 2004, Lucerne Switzerland. 

1 02. Dolovich M. Recent Advances in Delivery Systems for Corticosteroids. The 27"^ Annual 
International Conference on Pediatric/Adult Allergy & Clinical Immunology. July 23 - 25, 2004, 
Toronto ON. 

1 03. Dolovich M. Presentation as part of a Panel Discussion: The Evidence Background and 
Methodology for the Aerosol Guidelines Project/Device Selection and Outcomes of Aerosol 
Therapy: The Evidence, the Recommendations, the Implementation. CHEST 2004 Seattle, WA, 
Oct. 23-29,2004. 
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1 04. ISAM - International Society for Aerosols in Medicine: Imaging Workshop on PET; PET 
Techniques and Applications in Respiratory Medicine. Perth Australia March 13-18, 2005. 

1 05. American Thoracic Society Annual Meeting: Post-graduate Course 26: In Vitro and In Vivo 
Methods for Measuring Aerosols and Aerosol Drug Delivery. May 21 , 2005. 

1 06. Cystic Fibrosis Foundation, Washington, DC, Sept. 7 - 8, 2005 Imaging Endpoints for Cystic 
Fibrosis Clinical Trials Workshop: PET/CT. 

Invited - Not Peer-Reviewed 

1 . Deposition of Aerosols in the Lung. Medical Staff Meeting, St. Joseph's Hospital, Oct. 1 2, 1 976. 

2. Mucociliary Transport in Patients with Chronic Bronchitis, Respiratory Care Educational Updates, 
York-Toronto Lung Association, Oct. 19, 1978. 

3. Current Research in the Use of Metered Dose Inhalers. Canadian Society of Respiratory 
Technologists, 1983 Educational Forum, July 18-2 2, 1983, Niagara Falls, Ontario, Canada. 

4. Factors Influencing Aerosol Deposition in the Lung. University of Toronto School of Pharmacy - 
Pharmacy Workshop, St. Joseph's Hospital, Hamilton, Ontario, June 1 984. 

5. 3rd International Society of Radiologists and Radiological Technicians (ISSRT) Conference of the 
Americas Nuclear Medicine Program. Oct. 1-3,1 987 Toronto, Ont. Interstitial lung diseases in 
nuclear medicine - a general overview. 

6. Production of Aerosols in Ventilation Lung Scanning - Technical Considerations. Mallinckrodt 
Pulmonary Nuclear Medicine Symposium May 20, 1988, Vancouver, B.C. 

7. Inhaled Additives and Their Pulmonary Effects. Symposium on Trends in Inhalation Therapy. 
Satellite Symposium of 13th International Congress of Allergology and Clinical Immunology, Oct. 
16-21,1 988, Montreux, Switzerland. 

8. Therapeutic Aerosol Delivery Systems. Symposium on Glucocorticoids and Mechanisms of 
Asthma: Clinical and Experimental Aspects. Nov. 18-20, 1988, Toronto, Canada. 

9. Particle Size Deposition from Nebulizers and Aerosol Canisters. Presented at the 4th Annual 
Meeting of Canadian Association of Cardio-Pulmonary Technologists, Sept. 4-8,1 989, 
Hamilton, Canada. 

1 0. The Administration of Inhaled Medication. Update on Respiratory Medicine, sponsored by Nova 
Scotia Lung Association. Sept. 29 - 30, 1 989, Halifax, Nova Scotia. 

1 1 . Principles of Aerosol Delivery Systems. American College Allergy Immunology 46th Annual 
Meeting. Nov. 11-15,1 989, Orlando, Florida. 

12. Delivery of Aerosolized Medications to ICU Patients on Mechanical Ventilators. Presentation to 
adult and pediatric pulmonologists. University of Florida. Nov. 13, 1989, Gainsville, Florida. 

13. Inhaled Additives and Their Pulmonary Effects. 'New Dimensions in Inhalation Therapy'. 
Toronto, Ont., May 4,1990. 
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4. Aerosol Delivery Devices. Oct 25,1 990, Juntendo University, School of Medicine, Dept 
Respiratory Medicine, Tokyo, Japan. 

5. Aerosol Dynamics and Physics. 15th Annual Conference Georgia - South Carolina Society for 
Respiratory Care, Jekyll Island, Georgia. May 29 - 31 , 1 991 . 

6. Clinical Aspects of Aerosol Physics. 1 2th Annual Symposium New York State Society for 
Respiratory Care. Lake George, NY, USA, Sept. 11-1 3,1 991 . 

7. Clinical Aspects of Aerosol Physics. 1 8th Annual Meeting of the Korean Society of Allergology, 
Seoul, Korea, Nov. 29, 1991. 

8. Aerosol Delivery Devices. Tennessee Society for Respiratory Care, Chattanooga, TN, USA, May 
1992. 

9. Aerosol Delivery Devices and their Application in Respiratory Care. Texas Society of Respiratory 
Care, San Antonio, TX, USA, July 1 6,1 992. 

20. Clinical Aspects of Aerosols and Future Developments. College of Medicine of Barcelona 
Meeting on Asthma, Barcelona, Spain, Feb. 9, 1993. 

21 . Optimal Delivery of Inhaled Medication. Asthma Therapy and Management Issues for General 
Practice, Australia - Melbourne, March 1 , 1993; Adelaide, March 2, 1993; Toowoomba, March 3, 
1 993; Gold Coast, March 4,1 993. 

22. Delivery of Aerosols for Therapy. Annual Arbesman Lecture, The Buffalo Allergy Society, 
Amherst, NY, USA, May 13, 1993. 

23. Aerosol Delivery Devices: Fact, Fiction and the Future. Searle Research and Development. 
Skokie, IL, USA, June 2,1994. 

24. Delivery of Inhalant Medication. Fisons Symposium on Asthma, Aug. 6,1994. 

25. Pharmaceutical Aspects of Drug Delivery to the Lung.Wyeth-Ayerst Pharmaceutical Sciences 
Symposium, Plattsburgh, NY, USA, Oct. 1 1 ,1 994. 

26. Factors Determining Deposition in the Airways. 3M Symposium:Guidelines for Achieving Minimal 
Effective Dose with Inhaled Steroids - Impact of Improved Delivery to the Airways. Stockholm, 
Sweden, Sept. 6,1996. 

27. Nebulized Pulmicort and Nebulizers: Which way forward? An Astra Draco Workshop. Jan. 26 - 
27, 1997, Horsham, UK. 

28. Government of Canada HFA Transition Policy Discussion Group. Ottawa, Canada, Dec. 3, 1 997. 

29. Drug Delivery Systems. Allergy Update 1 998. Ontario College of Allergy, April 4,1 998. Toronto, 
Ontario, June 1998. Drug Delivery Devices. Niagara-on-the-Lake, Ont. Glaxo Wellcome Inc 
sponsored. 

30. Inhalers and Asthma: New Developments. A Day in Asthma Management, Oct. 7, 1998, 
Waterloo, Ont. Glaxo Wellcome Inc sponsored. 

31 . Drug Delivery Devices for Asthma Therapy. Niagara Peninsula Pharmacists Association. Nov. 1 9, 
1 998. Sponsored by HMR Canada. 
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32. An Academic Looks at Portable Inhaler Technology. Management Forum 7 Annual Conference 
on Portable Inhalers. Nov 26 - 27, 1 998 London UK. 

33. A Look at the Ever-Evolving Landscape of Delivery Devices in Asthma. Asthma into the Next 
Millennium: A Look at the Role of Formoterol. Denver, CO, USA, Jan. 1 5 - 1 7, 1 999. 

34. Imaging Techniques - Past, Present and Future. VIII International Respiratory Forum, Royal 
College of Surgeons, UK. Feb. 8, 1 999. 

35. Update on SPARX II Research. Canadian Cystic Fibrosis Foundation Ontario Provincial 
Association Meeting, Hamilton, ON, Nov. 6,1999. 

36. Inhaler Devices. Toronto East Respiratory Journal Club. May 23, 2000. 

37. The Mechanics of Drug Delivery: A Device Overview. Schering/ Key Dry Powder Inhaler Advisory 
Board Meeting . July 28 - 30, 2000. New York, NY. 

38. Dry Powder Inhalers: Drug Delivery and Lung Deposition. Schering-Key Pharmaceuticals 
Regional Consultants Meeting Dec. 1 - 3, 2000 Phoenix, AZ 

39. Designing the Finest Aerosol. QVAR Inhalation Aerosol Regional Meeting. Pittsburgh, PA March 
10,2001. 

40. Delivery Devices for Asthma Treatments: An Update. 121^' OMA Annual Meeting. Toronto, ON 
April 26, 2001. 

41 . Spatial and other factors influencing particle and medication delivery to the lung. EAACI, Berlin 
Germany May 13, 2001. 

42. Measuring Drug Delivery to the Lung: Can We Target the Small airways? Presented at The Role 
of the Small Airways in Asthma: New Concepts in Pathophysiology and Treatment. June 30-July 
1 , 2001 . Magog, Quebec. 3M Canada sponsored symposium. 

43. Targeting the small airways with inhaled corticosteroids. 3M Symposium. Deerhurst, ON, 
September 2001. 

44. Trends in Inhalation Delivery Systems. Aventis Pharma. Device Network Training Session. 
Bridgewater Site, NJ, USA, Nov. 5, 2002. 

45. Delivering Inhaled Corticosteroid Aerosols to the Distal Airway: Does Formulation Matter? Elliot 
Middleton Memorial Lecture: Buffalo Allergy Society, Nov. 20, 2003. 

46. The Respiratory Leadership Institute, Innovation Update:The Firestone Institute for Respiratory 
Health. Out of the Black Box: Imaging Drug Delivery and Drug Responses in the Lung, Toronto, 
ON, Nov. 6,2004 



Patents (pending) 



Use of Radiolabeled Insulin to Diagnose Functional Abnormalities Arising from 
Complications of Diabetes in Human and Animal Models. Filed U.S. Application, 2005. 
Inventors: H. Gerstein, R. Labiris, M. Dolovich, K. Gulenchyn. 
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Supervisorships 

1 . Tony Cinquina (Masters), Graduate Student Supervisory Committee, University of 
Toronto, Sclnool of Plnarmacy, 1 991 - 1 994 

2. Anren Kuang (Visiting Researclner from Clnina), Rabbit Deposition Study, 1 995 - 1 996 

3. Jennie Kwong (IVIasters), Graduate Student Supervisory Committee, Dept IVIedical 
Sciences, University of Toronto, 1 995 - 1 997 

4. Doris Cheung (IVIasters), University of Toronto, Faculty of Pharmacy, 1 996 - 1 997 

5. Dr. Jean-Christophe Dubus (Pediatric Chest Physician from Marseille France), June 15 - 
Sept. 15, 1997 

6. Dr. Drew Schemmer (Radiology Resident), Yr 1 Project: Vocal Chord Geometry During 
Inhalation from DPIs, 1 997 - 1 998 

7. Laurel Bowser, Thesis Project, McMaster University, Hons Pharmacology and Biology 
Programme, May - Sept 1 998 

8. Dr. Jose Belda (Respiratory Research Fellow), Quantitation of Macrophage Activity in 
Sputum Using ®^"'Tc-J001X, April 1998 - October 1999 

9. Shingo Yuki (3"* year Systems Engineering Co-op Student), Numerical Analysis of PET 
Scans, Waterloo University, Sept. - Dec. 1998 

1 0. David Southam (Summer Student), 4"' year Thesis project: Nasal Delivery of Drugs to 
Mice. May - Sept. 1 999, Hons Pharmacology and Biology Programme, Jan. - April 2000 

1 1 . Renee Labiris (Ph.D.), University of Toronto, Program in Pharmacology, 2000 - 2001 

12. Jyoti Mistry, 4"" year Thesis Project, McMaster University, Hons Pharmacology and 
Biology Programme, Sept. - Dec. 1999 

1 3. Andrew Bosco, 4"" year Thesis Project, McMaster University, Hons Pharmacology and 
Biology Programme, Jan-April 2001 ; Co-op Work Term, May - Dec. 2001 

14. Renee Labiris (Post-doctoral Fellow), Jan. 2002 - Dec. 2004 

1 5. Rohini Naipaul (3"* year B Pharm. summer student project). University of Toronto, May - 
Aug. 2002 

16. Andrew Bosco, (B Sc Hons), Pharm. Biol. Master's Program, Sept. 2002 - 2005 

17. Amit Ahuja (B Pharm. Master's Program), Pre-clinical Characterization of PET nebulizer 
using 18FDG, University of New Mexico, Dec. 2003 

18. Kandice Mah (2"'' yr B Health Science), Research Rotation, McMaster University, May 
2003 -Aug. 2003 

1 9. Helen Guo (M.Sc. Math), summer student project, McMaster University, June 2004 - 
Sept. 2004 
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20. Sergei Obruchsi (M.Sc. in IVIedical Plnysics and Applied Radiation Sciences), H Nuclear 
Magnetic Resonance Imaging of the Human Lung, McMaster University, 2004; Ph.D. 
Committee, 2006 -2010 

21. Sam Lauricella (Co-op student), McMaster University, Pharmacology & Biology Program, 
May - Sept. 2005, January - April 2006; Sept - Dec 2006; Thesis Project May 1 -Aug. 31 , 
2006 

22. Todd Galloway (B.Sc, Master's Health Science), Physiology & Pharmacology Area, 
McMaster University, 2005 

23. Dr Asma Yaghi (Post-Doctoral Fellow), McMaster University, Dept Medicine, 2006 - 2008 

24. McMaster University Engineering & Management Course 5B03 'Client' and resource for 
Team 23. Topic: Children's Inhalers 



Letters for Academic Promotion 

1 997 Dr Gerry Smaldone, SUNY at Stoney Brook, NY, USA (to Professor) 

1 997 Peter Byron, Ph.D., Professor, Department Pharmacy and 

Pharmaceutics, Virginia Commonwealth University, nomination for the 
University's Scholarly Excellence Award 

2000 Dr Paula Anderson, University of Arkansas for Medical Sciences (to 
Professor) 



Civic Committees 



1 978 - 1 983 Hamilton Wentworth Lung Association Board of Management 
1981 - 1983 Chairman, Health Prevention Committee, Hamilton Wentworth Lung 
Association 
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[57] ABSTRACT 

A method of delivering a protein, in particular insulin, 
to the lungs. The method is characterized in that an 
aerosolized mist of small particles is produced in an 
associated medicament delivery chambier, the distance 
from the chamber to the patient's mouth is set to slow 
the speed of aerosol particles entering the mouth and 
the flow rate through the chamber is regulated to a low 
rate of less than about 30 liters per minute. It has been 
found that administering insulin in accordance with the 
invention may advantageously produce a penetration of 
medication into the lungs of about 90%. 

3 Claims, 3 Drawing Sheets 
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1 2 

Interaational Diabetes Federation: Sydney, Australia, 

METHOD OF ADMINISTEIUNG INSULIN S163 (1988), demonstrated that insulin aerosol delivered 

through the rat lung was effective in lowering serum 

BACKGROUND OF THE INVENTION glucose. Wigley et al., "Insulin Across Respiratory 

The physical discomfort associated with subcutane- ' Mucosae by Aerosol Delivery", Diabetes, 20:552-556 

ous injection of insulin causes many type II diabetic (1971), and EUiott et al., "Parenteral Absorption of 

patients to refuse insulm therapy entirely, while type I Insulin from the lung in Diabetic Children", Aust Pa- 

patients may refuse intensive treatment.. A number of tdiatr J. 23:293-297 (1987), showed that insulin deliv- 

investigators have explored various alternative routes ered to the human lung as an aerosol crosses the respira- 

of administration of insulin in the hope of developing a '" tory mucosa and retains biologic activity, since plasma 

substitute for injection. insulin levels increased after insulin inhalation and 

Harrison and Cantab, "Insulin in Alcoholic Solution blood glucose levels were lowered. Nevertheless, only 

by Mouth", Br Med J. pp. 1204-1205 (1923), and Shi- ^^^ patient in the Wigley study achieved a normal 

chin etal, "Increased Intestinal Absorption of Insulin in y^^ glucose level foUowing insulin inhalation, and 

a Micellar Solution: water-in-oil-in-water insulin mi- ^^^ ^^ ^^ ^^^ ^ ^^ ^y^^^ study responded with 

otUes"^ AcmpmbetolLat.\i:m.W (1978), exammed j^^ ^^ ^^ ^^ j^^^ ^^ ^^^ ^^ „o^^j 

the effect of dehvenng iMuhn entencally on b^ ^ concluded that variable and ineffi- 

would be too uncertain and too expensive to be of little 20 account for their results. The dose of msuhn available 

therapeutic value in treating diabetics. Similariy, Shi- for mhalation at the mouth and the distnbution of the 

chiri et al. showed that the possibility of insulin absorp- available dose within the respiratory tract were not 

tion in a micellar form was impractical, since a reduc- quantified in either study. 

tion in blood glucose was only accomplished through All U.S. patents and publications referred to herein 

intrajejunal administration and the required dose was 25 are hereby incorporated by reference. 

25-50 times that of an intramuscular dose. 4 R Y DF THF INVENTION 

Yamasaki et al, "The Effectiveness of Rectal Admin- SUMMARY OF THE INVENTION 

istration of Insulin Suppository in Normal and Diabetic The inventors have discovered that it is possible to 

SubjecU", Diabetes Care. 4:454-458 (1981), tested the administer insulin as an orally inhaled aerosolized medi- 

effectiveness of insulin administration by rectal supposi- 30 ggfjo^ /^ aerosol mist of small particles is produced in 

tory in normal and non-insulin-depcndent non-obese ^ medication delivery chamber. The distance from the 

diabetic subjects. They found that a dose 10 times the chamber to the inhalation mouthpiece is set to slow the 

subcutaneous dose was necessary to lower blood glu- ^^ ^f g^^^, pgrtjcles entering the mouth and the 

cose levels significantly, and some subjects complained ^^atory flow rate is regulated at low rates. This 

°'i'^^T',^**''^°T^^°A^''r ^^ 'l f^^rfh'. combination of features are produced by providing an 

N. F. Fisher, "The Absorption of Insulm from the . f , ^. *;, _, «„,„,.,. 

Intestine. Vagina, and Scrotal sac". Am J Physiol. mhalation spacer and means for regu^atmg rtie flow ate 

67:65-71 (1923), found that blood glucose levels in dogs >nt° *e patient's mouth to a rate of below about 30 liters 

were only temporarily reduced when insulin was ad- Per mmute. It has been found that admmistctmg msulm 

ministered through fistulae into the intestine or through 40 in accordance with the mvention may advantageously 

vaginal administration. He found that scrotal adminis- produce a penetration of medication into the lungs of 

tration of insulin resulted in a more sustained lowering about 90%. 

of blood glucose in rabWte than with the otiier two DESCRIPTION OF THE DRAWINGS 
routes of admmistration. However, this method of insu- 
lin delivery required injection into the scrotal sac and 45 FIG. lA is a perspective view of the mouthpiece 
was not recommended for treatment of human diabetic which may be advantageously used in accordance with 
patients. the method of the invention; 

Moses et al., "Insulin Administered Intranasally as an piQ. iB is a cross-sectional view of the mouthpiece 

Insulin-bile salt Aerosol. Effectiveness and Reproduc- ofFIG. lA; 

ibility in Normal and Diabetic ■ Subjecte", Diabetes 50 FIG.2A is a view of the rigid chamber which may be 

32:1040-1047 (1983) reported that insulin administered advantageously used in accordance with the method of 



a bUe-salt aerosol was effective in lower- ^^ invention; 

ing blood glucose levels in dUbetic subjects. Neverthe- pjQ jq-^^ cross-sectional view of the chamber of 

less, the amount of insulin absoriied through the nasal pjQ ^y^. 

mucosa was approximately 10% of the dose delivered 55 pj^ ^^ j^ ^ ^^^^ elevational view of the aper- 
by mtravenons mjection and 2.5 times the subcutaneous - 



. - , ,., J 1 I J j-^ lures in the end of the rigid chamber; 

dose was reqmr«l to lower blood glucose. In addmon. pcrspective^ew of the assembled device; 

subjects reported nasal imtation and nasal congestion ., . • C™, ,„.j™.i ,^ „«■ „ .i. .J 

foUowing ^ministration, probably due to the presence _, F^G- *^ » a cro«-sectional view of an alternate 
of the bile acid ' »- -- ■• ^ device which may be advantageously used m accor- 

Because of lower serum absorption and/or local irri- dance wift flie method of the invention; 
tation. none ofthese alternative routes of administration FIG- « is an elevatiomd view of the end of the 

have been developed to replace insulin injection in the chamber of FIG. 4A; 
treatment of diabetes. F^G. 5A is an elevational view of another alternate 

Creasia et al., "Efficacy of Inhaled Insulin: Effect of 65 device which may be advantageously used in accor- 

Adjuvant" Jv<S£S /. 2: A537 (1988), and Aimer et al. dance with the method of the invention; and 
"Insulin Inhalation— at last a break-through", Diabetes FIG. SB shows the device of FIG. 5A in its collapsed 

Research and Clinical Practice, XIII Congress of the configuration. 
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suitable for coupling to an external source of aerosol- 

DETAILED DESCRIPTION OF THE j^g^ medication thereto. A means for closing the open- 

PRESBNTLY PREFERRED EXEMPLARY j^g j^ jj^jjej provided in accordance with the present 

EMBODIMENTS invention. If the external source of aerosolized medica- 



The present inventors hypothesized that another ex- 5 tion is retained in the opcmng, tb 

planation for the poor response to insulin delivered to close the opening. In the alternative, the openmg can be 

the lungs as an aerosol in the above-noted previous closed after delivery of medicament to the chamber, 

studies by Wigley et al and Elliott et al was an inade- The means for closing is shown schematicaUy by phan- 

quate dose of insulin, as the result of loss of drug in the torn box 57 and may be any conventional means for 

delivery system and/or in the oropharynx. In expert- 10 closing such as, for example, a piece of tape or a one- 

ments described below, the inventors used an aerosol way valve structure. As yet a further alternaUve, the 

deUvery system that maximized deposition within the medicament can be deUvered mto the chamber through 

lungs. The inventors then determined the number of aperture 56. The distal end of the device 54^avmg a 

actuations and inhalations necessary to administer ' a multiplicity of How restrictmg orifices 60fl-i (FIG. 4B). 

mean dose of approximately 0.2 UAg body weight 15 Another alternate embodiment of the invention is 

(BW) of aerosolized insulin to the mouth using this shown in FIGS. 5A and 5B. The ngid chamber m this 

delivery system, and monitored the plasma glucose embodiment is collapsible, thereby making the mven- 

response in normal subjects and non-insulin dependent tion more portable, and less noticeable when earned, 

diabetic (NIDDM) subjects. They chose to deUver 0.2 Many patients, especially pediatric patients are embar- 

UAg body weight (BW) because this is the dose given 20 rassed by their need to take medication, and this em- 

by subcutaneous administration. bodiment minimizes size and obtrusiveness. In FIG. 5A, 

In accordance with the currently preferred method, a the device is shown m its extended form, ready for use, 

particular medication deUvery system, described in U.S. The largest component piece, a truncated cone segment 

Pat. No. 4,926,852, is used to achieve the low flow rate 70, has rate limiting orifices shown as 86a, 86i and 8fe 

which the' inventors have discovered is critical to the 25 Other similar offices are provided but not shown in 

effectivedelivery of insuUn, in particular, to the lungs. particular. 

The preferred device is illustrated in FIGS. 1-5. The Truncated cone segments 70-78, nest inside one an- 

device includes a medication chamber for receiving a other and are thereby coUapsible. Segment 78 also pref- 

protein, or the like, an outlet aperture through which erably has a circular flange 79, the diameter of which is 

the material is withdrawn and flow rate limiting ori- 30 at least the size ofthe small diameter ofthe largest piece 

flggs. 70. With this arrangement the pieces cannot inadver- 

A mouthpiece is preferably coupled to the outlet tently fall apart. A mouthpiece 80 is provided with a 
aperture. Such mouthpiece is to space the users mouth flared end sized to fit inside piece 78, and with an open- 
from the chamber. One such mouthpiece is shown in ing of sufficient diameter to allow a patient to inhale 
FIGS. lA and IB. The proximal end 12 ofthe mouth- 35 therethrough in an unrestricted manner. In the altema- 
piece 10 is shaped to be accommodated in the mouth of tive the unit can be adapted to receive a mouthpiece or 
the patient. In the preferred embodiment, a standard the mouthpiece Of FIG. 1. The medicament can be 
aerosol medication is administered from a metered dose delivered through mouthpiece 80, through an aperture 
inhaler 14 which is mounted to a coupling 16, which is m the chamber wall (not shown) or through the mouth- 
designed to accommodate metered dose inhalers. Pas- 40 piece 10 if used therewith. 

sage 18 directs the aerosol from the metered dose in- In the Examples which appear below, regular U-500 

haler 14 out through the distal end of the mouthpiece. pork insulin (Eli Lilly) was aerosolized by a jet nebu- 

The distal end of the mouthpiece also has keys 20a and lizer (Raindrop: Puritan Bennett) connected to a com- 

206, for example, which allow the mouthpiece 10 to be pressed air source set at 30 psi. The timing of each 

atuched to the rigid chamber 30. 45 aerosol actuation was controlled by a Rosenthal-French 

As shown in FIG. 2A, rigid chamber 30 which may dosimeter and lasted for one second. In order to mini- 
be expandable and collapsible as described below, pref- mize oropharyngeal deposition of the insulm, aerosol 
erably has cut outs 32 which allow chamber 30 to be was deUvered into a holding chamber of the type de- 
rigidly attached via keys 20A and 20B to the mouth- scribed above which served as an extension device be- 
plece 10 (FIG. 3). Outlet aperture 34 aUows the con- JO tween the subject's mouth and the nebulizer. The dU- 
tents of metered dose inhaler 14 to be durected into tance between the subject's mouth and the nebulizer 
chamber 30. End wall 33 of chamber 30 opposite end 31 reduced aerosol velocity and, thus, impaction of parti- 
has a plurality of small, rate limiting orifices 36a-/ de- cles in the mouth. Inspiratory flow rate at the time of 
fined therethrough as can be seen in FIGS. 2B and 2C. aerosol inhalation was regulated to less than 30 and. 
In the preferred embodiment nine orifices, each about 55 preferably about 17 liters/minute by rate limiting ori- 
0.020 inches in diameter are used. Depending on the age Sees of the type described above. During inhalation, 
and health ofthe patient, orifices can be covered in any patients inspired from residual volume to total lung 
suitable manner, one at a time, until the volumetric flow capacity. 

rate for the patient is below 30 liters per minute. The Insulin units available to the mouth per inhaktion 

covered orifices may be permanently sealed for a partic- 60 from the delivery system were quantified prior to the 

ular patient. beginning of the studies, with human subjects. Insulin 

FIGS. 4A and 4B show an alternate embodiment of aerosol was generated during six consecutive actuations 

the invention. A rigid chamber 50, is provided having a from 2 ml of U-500 pork insulin solution as descnbed 

proximal end 52, and a distal end 54, and a mam body 58 above into the holding chamber. After the sixth actua- 

therebetween. The proximal end 52 has an aperture 56, 65 tion, aerosol was inhaled from the holding chainber 

which is sized to accept standard disposable mouth- through a mouthpiece. Extraction of insulin from abso- 

pieces currently in use with hospital nebulizers. The lute fUters atUched to the mouthpiece indicated that 

body of the device 58 also has an opening 62 of a size 1.36±0.23 U was available for inhalation at the mouth 
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following six actuations. To administer a dose of 0.2 across the lung mucosa was more rapid than following 

UAg body weight pork insulin to the mouth, subjects subcutaneous administration, with serum insulin levels 

inhaled 6-13 times from the holding chamber, depend- peaking at 35±31 minutes. With the exception of sub- 

ing on their body weights. Each inhalation was pro- jects 6 and 8, peak plasma insulin levels occurred within 

ceeded by six actuations of the nebulizer. 5 the first forty minutes after inhalation. Yet, blood levels 

As is illustrated by the Examples, a mean dose of did not return to baseline by the time the experiment 
approximately 0.2 U/kg BW of aerosolized insulin, was concluded in seven of the study subjects after a 
delivered to the mouth for inhalation, effectively low- dose of approrimately 0.2 UAg BW of insulin. These 
ered blood glucose levels in the normal subjects and findings may indicate both a fast and a slow component 
shifted blood glucose levels of five of the six NIDDM 10 of insulin release across the lung mucosa. Variabaity in 
subjects to within the normal range (4,20-6.44 System the kinetics of absorption of insulin across the lung 
Internationa] (SI) units). In the sixth subject (No. 8), the mucosa was observed between individuals, but there 
blood glucose level was lowered to 6,78 SI units, nearly did not appear to be any difference in absorption be- 
within the normal range. A much smaller decrease in tween the two normal subjects and the six NIDDM 
blood glucose levels was observed in three NIDDM 15 subjects. In addition, the drop in plasma glucose oc- 
subjects (Nos. 6-8) who inhaled saline aerosol (placebo) curred in every subject and correlated closely to the 
during another visit. These results indicate that the insulin dose in a curvilinear relationship, 
findings were not due to fasting per se. Variability in the Aerosolized insulin administration was very well 
magnitude of the glucose response between subjects tolerated by the normal and NIDDM subjects, and 
was directly related to the dose of insulin deposited in 20 there was a lack of any signs or symptoms, including 
the lungs, when the insulin dose was calculated on a per adrenergic symptoms, 
kilogram basis. The present invention allows for the administration 

The results observed are in contrast to those reported of a dose of 0.2 U/kg BW of aerosolized insulin that is 
by WigJey et al. and Elliott et al., who found that only deposited predominantly within the lungs and is well- 
one diabetic patient in the two studies combined 25 tolerated. Administration of insulin in this manner, ef- 
achieved a normal blood glucose level after inhaling fectively lowered blood glucose levels in normal sub- 
insulin. Those authors indicated that they delivered 240 jg^ts and shifted blood glucose levels of NIDDM sub- 
U (0.5 ml of U 500/ml) and 50 U (50 breaths X 2 ulA j^cts to within the normal range. The glucose response 
breath of U 500/ml) insulin, respectively, and con- jq the dose of insulin administered as an aerosol was 
eluded that variable and inefficient absorption of insulin 30 predictable when the dose was calculated on a per kilo- 
across the lung mucosa could account for their poor g^,^ ^^^j^ „;j jhere did not appear to be significant 
results. These doses of insulin were estimated either variability between normal subjects and NIDDM sub- 
from running the nebuhzer dry of solution, or by deter- jg^jj j„ absorption of insulin across the lung mucosa, 
minations of weight loss in the nebulizer after each -j^g^ findings suggest a potentially new approach for 
administration. Yet, it has been shown by Newman et 35 co„troUing plasma sugar in human subjects, 
al., "Deposition of Pressurized Aerosols in the Human j^j present invention can be illustrated by the use of 
Respiratory Tract", nana, 36: 32-55 (1981), using jjjj, fouowing non-Umiting examples: 
radioaerosol imaging techniques, that when pressurized 

aerosols are delivered directly into the mouth, only EXAMPLE I 

10% of the inhaled fraction deposits beyond the oro- 40 Aerosol Delivery of Insulin to Subjects 

pharynx. The losses occur primarily because of impac- ,. , „, j„,t,„ 

tion, resulting from high aerosol velocity and high in- The goal was to deliver between 0_^1 and 0.2 UAg 

spiratory flow rate. In addition, in the study by EMott et BW pork insuhn to the mouth for mhalation m these 

al., it is likely that most of the 50 U of insulin were lost experiments. To accomplish this dosmg regune, volun- 

in the holding chamber and testing of the delivery sys- 45 tecrs inhaled 5-13 times from the holding chambo-. 

tem. Because of these losses, the does dehvered to the Each inhalation was preceded by six actuations of the 

lungs in both studies was probably madequate for nor- nebuhzer. 

malization of blood glucose levels. The precise protocol utiUzed for deHvery of the msu- 

In contrast, in the present invention, a delivery sys- Im was as follows: 

tem is utihzed that adds dUtance between the patient's 50 Two normal volunteers aged 39 and 44 years, respec- 

mouth and the aerosol generator, thereby decreasmg tively (subjects Nos. 1 and 2, Table 1), and six NIDDM 

aerosol velocity and impaction of particles at the volunteers aged 35-62 years (subjects Nos. 3-8, Table 1, 

mouth. More importantly, the present invention regu- shown below) participated in these studies. During a 

Utes inspiratory flow to a low How rate of about 30 1/m screening visit, subjects underwent routine spirometry 

or less and preferably as low as 17 1/m. The fraction of 55 testing and a diffiismg capacity test (DLCO), in order to 

aerosol that deposits within the lungs is then quantified quantify their pulmonary functions. On the screening 

using, for example, gamma camera imaging technology. day, subjects also underwent a gamma camera imaging 

In particular, the present inventors calculated that a procedure in order to determine percent aerosol depos- 

mean of 89.8±5% of the inhaled dose was actually ited within the lungs, using the holding chamber and 

deposited in the lungs. With a dose of 0.2 UAg BW of 60 nebulizer as described above. Subjects fiist inhaled one 

insulin available at the mouth for inhalation, the depos- breath of a radioaerosol, generated from a 0.9% saline 

ited dose of insulin was similar to that given by subcuta- solution containing 8- 1 2 millicuries of technetium 99-m 

neous administration, which probably accounts for the sulfur colloid by the above delivery system, through an 

shift of blood glucose levels of the NIDDM subjects absolute filter. Activity detected on this filter was used 

into the normal range. 65 to quantify the dose of radioactivity available per inspi- 

The exact pharmacokinetics of insulin delivered ration at the mouth. Then, subjects inhaled one to two 

through the lungs are not clear. The results of the Ex- breaths without the filter. After each inhalation, they 

amples shown below illustrate that insulin absorption exhaled into another absolute filter to collect the ex- 
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haled fraction. The total amount of radioaerosol deliv- NIDDM subjects inhaled approximately a 0.2 U/kg 
ered to the mouth did not exceed 60 microcuries (uCi), BW dose of insulin once. Three NIDDM subjects (Nos. 
which resulted in a radiation absorbed lung dose <22.5 6-8 ) inhaled saline aerosol (placebo) delivered usmg 
mrads. the same protocol as insulin aerosol, in order to deter- 
Immediately following radioaerosol inhalation, pa- 5 mine percent decrease in blood glucose during the fast- 
tients were scanned with a large field of view GE ing period. Studies were performed in the Johns Hop- 
STARCAM camera for ten minute imaging of the ante- kins Outpatient Clinical Research Center. All patients 
rior chest and oropharynx. Images were acquired and who participa*ed in these experiments gave informed 
processed in a 256 X256 picture element matrix using a consent to a written description of the study, which was 
GE STARCAM computer. Activity (counts per min- 10 approved by the Institutional Review Board, 
ute) detected on the exhalation filter, within the oro- When averaging decreases in blood glucose levels the 
pharynx, and within the stomach (activity which could daU were normalized in terms of percent change from 
only have originated from aerosol deposited in the baseline. When averaging increases in Wood insulin 
mouth) were expressed as a percent of the inhaled frac- levels, the geometric mean (base logio) was determined 
tion and added together. The difference between this 15 after the data were normalized by logarithmic transfor- 
total and 100% was determined to be the percent of mation. Mean values for blood glucose levels, blood 
aerosol deposited below the larynx. insulin levels, and average time to peak insulin levels or 
Insulin aerosol was later generated and delivered by maximum decrease in glucose levels include data fol- 
the same type of nebulizer and holding chamber used to lowing the second dose of insulin for subjects No. 1 and 
generate and deliver the radioaerosol. Inspiratory flow 20 2 and the single dose for subjects Nos. 3-8. A Spear- 
was also regulated at the same low rates. Because the man-rank correlation test was used to determine the 
delivery system and flow rates were the same, it was relationship between maximum percent decrease in 
assumed that the fraction of insulin aerosol deposited glucose and the dose of inhaled insulin, 
within the lungs was the same as that of the radios- All subjects demonstrated normal pulmonary fiuic- 
erosol. 25 tions and DLCO measurements. Gamma camera scans 
None of the subjects had a history of asthma or other of the respiratory tract indicated that deposition of the 
lung diseases and all were nonsmokers. No one was on radioaerosol was maximized in the lungs of each of 
or had ever been on insulin treatment. Subjects 3, 4 and these subjects. The fraction of aerosol deposited below 
6 were medicated with Glyburide 10 mg/day, 15 the larynx ranged from 82.4 to 96.0% of the inhaled 
mg/day, and 5 mg/day, respectively. Subject No. 5 was 30 dose. Mean (±s.d.) deposition was 89.8±5.0% of the 
treated with Diabinese 750 mg/day. Subject No. 7 was inhaled fraction. A mean of 4.2±2.9% was exhaled, 
medicated with Glyburide 20 mg/day and Subject No. The dose of insulin that was delivered to the mouth, 
8 was unmedicated. Insulin administration was carried for each of the normal subjects and NIDDM subjects as 
out in a fasting state. Patients were off oral Glyburide determined from the filter experiments described above, 
for 2 days and off Diabinese for 4 days, prior to inhaling 35 was calculated in terms of body weight and is shown in 
insulin. During the study, blood samples were collected Table 2, below. Subjects inspired regular U-500 pork 
every 5 minutes for 60 minutes and every 10 minutes, insulin in doses that ranged from 0.09 UAg BW to 0.23 
thereafter, for up to 200 minutes from an indwelling UAg BW. Mean insulin dose was 0.21 ±0.01 UAg BW. 
venous line in order to measure blood glucose and insu- 
lin levels. Blood samples were assessed at the time of 40 TABLE 1 

collection for glucose levels with a glucose meter (Ac- — — — — 

cuchek). Determinations ofplasma glucose levels were ^^ ^^ ^^^^ ^Veight 

also obtained from photometric reaction with glucose bw (ye»n) (meten) (tg) Sex Medicitjom 

hexokinase using an Hitachi 736 and 737 chemical ana- kormal subjects 

lyzer (Boehringer Mannheim Diagnostics). The refer- 45 — j 55 j^^ g^ ^j m — 

ence range for fasting adults using this technique and 

equipment is 3.92-6.44 SI units. Serum insulin levels I 
were determined by antibody-coated tube RIA kits as 
described above. The expected range of values for nor- 
mals in the fasting state, as provided by Diagnostics 50 
Products Corp., is 18-210 SI units. An IV saline solu- 
tion was running, 50% glucose was available in case the 
blood glucose level decreased rapidly, and a diabetolo- 

gist was present during the study. Normal subjects in- J 
haled approximately a 0.1 U/kg BW dose and a 0.2 55 
U/kg BW dose of insulin on two different occasions. 



M Glyburide 13 ag/day 

F OlybmideTSOmg/djiy 

M OlybBzidc9ng/diy 

M Olyburide 20 mg/day 

M — 



KfintdoK) 54* 1.7324* 0.09* 

1 (Kcond dose) «• !.«!« ai9 
2(fii5tdoK) W I.7782' 0.11' 

2 (second dose) 87 1.9395 0.21 
NIDDM StWECTS 

3 ISO 2.1761 0.21 

4 72 1.8573 0.23 
3 81 1.9085 0.21 
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TABLE 2-contiimed 





BaKline 


toulinDose 


Peak 


Time to Peak 




Imulin Level 


DeUvered by MDS 


losuUn Level 


Imulin Level 


Subject Number 


(SluniU) log 


(uAgBW) 


(SI units) log 


(minute.) 



2.3909 
2.0569 
2.7513 



EXAMPLE II 15 EXAMPLE in 

Comparison of Blood Insulin Levels Prior and Comparison of Blood Glu(X«e Levels Prior and 

Subsequent to Insulin Inhalation Subsequent to Insulin Inhalation 

After the protocol described in Ejtample I was car- After the method described in Example I was per- 

ried out, a comparison was made between the level of „ formed, a comparison of blood glucose levels prior and 
insulin found in the blood before and after aerosol ad- subsequent to the aerosol administration of the insulin 
ministration of the insulin. (Table 2) was undertaken. 

In particular, the average fasting blood insuUn level The average fasting blood glucose levels for normal 

for normal subject No. 1 was 54 and 66 SI units for subject No. 1 was 4.70 SI units on both study days, and 
study days 1 and 2, and for subject No. 2 was 60 and 87 for subject No. 2 was 3.95 and 4.34 SI units on study 
SI units on the two study days, respectively. Baseline days one and two, respectively. The bascUne levels for 
levels for the six NIDDM subjects were 150, 72, 81, 75, the six NIDDM subjects were 10.58, 16.58, 12.12, 9.27, 
48 and 42 SI units respectively. The geometric mean 13.94 and 13.30, respectively. 

fasting insulin level for the eight subjects was 72 SI Glucose levels for normal subject No. 1 decreased to 

umts. 30 4.09 and 3.08 SI units after inhaling 0.09 and 0.19 UAg 

Insulin levels for subject No. 1 peaked at 138 and 216 BW of aerosolized insulin, respectively. Glucose levels 
SI units after inhaling 0.09 and 0.19 UAg BW of insulin, for normal subject No. 2 decreased to 3.14 and 2.24 SI 
respectively. Insulin levels for subject No. 2 peaked at units after mhaling 0.11 and 0.21 U/kg BW of insulin, 
300 and 216 SI units after inhaling 0.11 and 0.21 UAg respectively. Glucose levels for the NIDDM subjects 
BW of insulin, respectively. Peak insulin levels for the „ decreased to 6.05, 4.82, 5.71, 4.26, 5.49, and 6.78 SI units 
NIDDM subjects were 588, 198, 204, 246, 114 and S(A after inhaUng 0.21, 0.23, 0.21, 0.20, 0.20 and 0.20 UAg 
SI units after inhaling 0.21, 0.23, 0.21, 0.20, 0.20 and 0.20 BW of insulin, respectively. The time to 10% decrease 
U/kg BW of insulin, respectively. Blood insulin levels in plasma glucose averaged 36±15 minutes (Table 3, 
peaked between five and one hundred minutes post shown below). The maximum effect of inhaled insulin 
inhalation. The average time to peak insulin level was ^ on glucose levels in both normal and NIDDM subjects 
35±31 minutes. After insulin inhalation, the geometric occurred slowly over a variable time period ranging 
mean blood insulin level for the eight subjects rose to from 40 to 200 minutes. The average time to maximum 
254 SI units. decrease in blood glucose was 138±46 minutes. Maxi- 

It should also be noted that insulin aerosol was well- mum decrease in glucose from baseline for all subjects is 
tolerated. No adverse symptoms from the respiratory „ shown in Table 3, and ranged from 13 to 71%. Mean 
tract were reported or signs observed. Moreover, none decrease was 52±10%:41±10% for the normals sub- 
of the subjects had adrenergic, hypoglycemic symp- jects and 55±10% for the NIDDM subjects, following 
toms following insulin administration. Only one normal the administration of 0.2 UAg BW of insulin, 
subject complained of being hungry. Maximum percent decrease in glucose was signifi- 

„ cantly correlated with the dose of inhaled insulin, calcu- 
lated on a per kilogram basis (rs=0.68; p<0.05). 
TABLE 3 



Time to 10% 


Time to Lowest 


DecreueinGlucow 




(Minutes) 


(Minutes) 



NORMAL SUBJECTS 
K&stdoie) 

1 (iecood dose) 
2(fimdose) 

2 (second dose) 
NIDDM SDBJECTS 
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TABLE 3-continued 



Subject Number 


Decnue in Glucost 


Time to 10% 

DecteaK in Glucose 

(Minutes) 


Time to Lowest 

Glucose Level 

(Minutes) 


•d = 


11 


13 


« 



EXAMPLE rv 
Blood Glucose Levels Subsequent to Saline Inhalation 
As a control, several subjects were administered sa- 
line (placebo) in aerosol form rather than insulin. Fast- . 
ing blood glucose levels were 16.35, 17.70 and i2.01 SI 
units, respectively. Glucose levels decreased to 15.57, 
13.89 and 10.70 SI units after saline inhalation. These 
decreases represented a 5, 22 and 1 1% change in blood 
glucose levels from baseline, respectively. Percent de- ^ 
crease in blood glucose was substantially greater fol- 
lowing insulin inhalation, with 54, 61 and 49%, respec- 

Whilc the invention has been described in connection 
with what is presently considered to be the most practi- ^ 
cal and preferred embodiment, it is to be understood 
that the invention is not limited to the disclosed embodi- 
ment, but, on the contrary, is intended to cover various 
modifications and equivalent arrangements included 
within the spirit and scope of the appended claims. ^ 

What is claimed ist 

1. A method for delivering insulin for absorption via 
the lungs of a patient, comprising the steps of: 

determining a therapeutically effective amount of 
said insulin, consistent with the body weight and ^ 
condition of the patient; 



determining an effective number of inhalations re- 
quired by a patient for inspiration of said therapeu- 
tically effective amount of insulin; 

providing an inhaler device having a chamber for 
receiving aerosolized insulin to be inhaled and 
means for selectively restricting gas flow into said 
chamber; 

providing aerosolized insulin at a regulated inspira- 
tory flow rate of below 30 liters/minute; 

delivering a mean dose of aerosolized insulin com- 
prising said therapeutically effective amount of 
insulin to the patient for inspiration; 

inhaling said mean does of aerosolized insulin from 
said inhaler device at said regulated inspiratory 
flow rate, said regulated inspiratory flow being 
selected to maximize the amount of aerosoBzed 
insulin deposited for absorption via the lungs into 
the bloodstream of the patient, whereby a thera- 
peutically effective amount of said insulin, consis- 
tent with the body weight and condition of the 
patient, is inhaled and absorbed into the blood- 
stream of the patient. 

2. The method of claim 1, wherein said flow rate is 17 
hters/min. 

3. The method of claim 1, wherein the patient's 
mouth is positioned in fluid communication with the 
chamber at a present distance from the chamber. 
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1 


APPEARANCES (Continued): 


1 


P-R-O-C-E-E-D-I-N-G-S 


2 


On behalf of the Defendant: 


2 


Thereupon, 


3 


BENJAMIN WOOD, ESQ. 


3 


MYRNA B. DOLOVICH 


4 


MARY KELLY, ESQ. 


4 


was called as a witness and, after being duly sworn by 


5 


FRANCIS LYNCH, ESQ. 


5 


the notary, was examined and testified as follows: 


6 


United States Patent and Trademark Office 


6 


EXAMINATION BY COUNSEL FOR THE PLAINTIFF 


7 


Office of the Solicitor 


7 


BY MS. PFEIFFER: 


8 


600 Dulany Street, Madison West, 8D21 


8 


Q Good morning, Ms. Dolovich. I am Margaret 


9 


Alexandria, Virginia 22314 


9 


Pfeiffer, as I said, when I introduced myself before we 


10 


(571)272-8734 


10 


went on the record. And I am going to be asking you 


11 




11 


questions today. I know that you have already spoken 


12 


BLANCHE L. BRUCE, ESQ. 


12 


with the lawyers from the PTO about the process of a 


13 


United States Attorney's Office 


13 


deposition. So I think the only preliminary thing I 


14 


555 4th Street, N.W. 


14 


would like to say to you is to ask you, you know, if 


15 


Washington, D.C. 20530 


15 


there is any reason that you can't give full and 


16 


(202) 307-6078 


16 


complete testimony today? 


17 


ALSO PRESENT: 


17 


A Not that I can think of. 


18 


MARC BEGAN, Novo Nordisk, Inc. 


18 


MS. PFEIFFER: I would like to begin by 


19 




19 


asking the court reporter to mark whatever the next 


20 




20 


exhibit is. Do you want to do these consecutively or 


21 




21 


by witness? 


22 




22 


MR. WOOD: It might make more sense to do it 
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1 by witness because I believe we marked the Crystal 


1 


going through the report. And I would like to focus on 


2 exhibits as Crystal. 


2 


paragraph number eight. You said that you considered 


3 MS.PFEIFFER: So we will do this as Dolovich 


3 


your professional experience and knowledge as well as 


4 Exhibit No. 1. 


4 


the following documents. 


5 (Dolovich Exhibit No. 1 , marked for 


5 


Are there any documents, other than the ones 


6 identification.) 


6 


Usted in paragraph eight, that you considered in 


7 BY MS. PFEIFFER: 


7 


forming your opinion? 


8 Q Ms. Dolovich, you have obviously reviewed the 


8 


A I believe there is a paper that I referred to 


9 document that has been marked as Dolovich Exhibit 1 . 


9 


that's listed in paragraph 11. That's not -- 1 don't 


1 Did you author that Exhibit 1 ? 


10 


believe that's in the list. 


11 A I reviewed it. Yeah, I had discussions with 


11 


Q Okay. And that was The Relevance of Aerosol 


12 the lawyers for the Patent Office. They based this 


12 


Particle Size? 


1 3 document on our discussions. I reviewed what they 


13 


A That's correct. 


1 4 drafted and made changes, and that's what you see here. 


14 


Q Anything else. 


15 Q Does this Dolovich Exhibit 1 set forth all of 


15 


A I don't think so. 


16 the opinions that you have formed with respect to this 


16 


Q And when you say that you considered your 


1 7 lawsuit? 


17 


professional experience and knowledge, what do you mean 


18 A I beheve it does. 


18 


by that? 


19 Q Are there any opinions that you have with 


19 


A I have worked in the aerosol field for quite 


2 respect to this lawsuit that are not set out in that 


20 


a number of years and gained some experience and 


2 1 exhibit? And please take your time to look at it. 


21 


knowledge of that field. And that was what I am 


2 2 A Yeah. No, I believe that I have responded to 


22 


referring to. 
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1 the points raised by Dr. Crystal. 


1 


Q So that experience and knowledge in these 


2 Q And you have no other views to express with 


2 


itemized documents, plus the article that you had 


3 respect to those points? 


3 


written on relevance -- 1 can't remember the exact 


4 A I can't say that I don't have any views 


4 


title -- 


5 beyond this. But as far as the expert report goes. 


5 


A Yeah, that's correct. 


6 this is what I have presented. 


6 


Q - in paragraph 1 1 , are the only things that 


7 Q Are all of the reasons for your opinions that 


7 


you took into account in forming your opinion; is that 


8 are set forth in Exhibit 1, are all of those reasons 


8 


correct? 


9 expressed in Exhibit 1? 


9 


A Yes. 


10 A I beheve they are. 


10 


Q And there is nothing else that you can think 


11 Q And there are no other reasons that you have 


11 


of sitting here today? 


1 2 for holding the opinions set forth in Exhibit 1 ? 


12 


A I say no for the moment. 


13 A Well, I am not sure what you mean by how 


13 


Q Did you consider the file history of the '28 1 


1 4 broad a discussion you would hke. 


14 


appUcation, do you recall? 


15 Q Well, what I am trying to make certain is 


15 


A What is '281? 


1 6 that you are not going to change your mind or have 


16 


Q It is another related patent. 


1 7 another idea. I want to know if there is anything that 


17 


A Is it on this? 


1 8 you have as an opinion or a reason for holding that 


18 


Q It is not on that hst. 


1 9 opinion that sitting here this morning you know about 


19 


A And whose patent was that? 


2 and is not set out in that report? 


20 


Q It is a Novo patent. 


21 A I don't beheve so. 


21 


A Do you have a copy? 


2 2 Q Okay. Why don't we just start, then, with 


22 


Q I don't. 
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1 MR. WOOD: Can I just - we referred to that 


1 


A Yes. 


2 as the earliest application, so she probably isn't 


2 


Q How did you form that understanding? 


3 familiar with the actual number. But please go ahead 


3 


A By reading the various documents, his expert 


4 and show that to her. 


4 


report, the Patent Office summary of whatever claims. 


5 MS. PFEIFFER: Sure. I ask the court 


5 


Q Would it help if you refer to the documents 


6 reporter to mark this as Exhibit 2. 


6 


that are listed in paragraph eight, or do you remember 


7 (Dolovich Exhibit No. 2, marked for 


7 


specifically what you read that led you to that 


8 identification.) 


8 


understanding? 


9 THE WITNESS: I am not going to go through 


9 


A I think they are listed here. They would be 


10 it, believe me. 


10 


A, which is his expert report; C, claims on appeal -- 


11 BY MS. PFEIFFER: 


11 


decision on appeal. 


12 Q And there is a lot of it. 


12 


Q The decision of the board? 


13 A It seems to be a lot. Okay. So I believe I 


13 


A Uh-huh. 


14 had, that's right. So I have seen this. 


14 


Q Okay. 


15 Q Okay. 


15 


A And the discussions. 


16 A Not this whole thing, though. 


16 


Q I am sorry? 


17 Q Could you identify the pages that you have 


17 


A And some discussion with the Patent Office. 


1 8 seen? 


18 


Q And what was that discussion with the Patent 


19 A Well- 


19 


Office? 


2 Q You know, let's not do this on the record. 


20 


A I don't remember exactly. But it was a 


2 1 Maybe when we have a break, you can go through. And we 


21 


discussion of his expert report and what the reason for 


2 2 will give you some yellow stickles, and we can figure 


22 


them asking me to review certain documents. 
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1 out what those pages are. Save that. 


1 


Q Okay. Tell me as much as you can remember 


2 And when you say that you reviewed 


2 


about the substance of that discussion. 


3 Dr. Crystal's expert report, you included in that the 


3 


A We were talking discussion in December, maybe 


4 attachments in that report as well? 


4 


January -- beginning of January. I could not recall. 


5 A I had his expert report. 


5 


I can't recall the exact discussion — what the exact 


6 Q Right. 


6 


discussion was. 


7 A And I had whatever documents were listed here 


7 


Q Just give me the substance of it. I know you 


8 from the Patent Office. So by attachments - 


8 


can't be exact. 


9 Q Do you remember whether attached to 


9 


A No, no, no. Well, I was asked to review and 


1 Dr. Crystal's report there were additional documents - 


10 


comment on some of these documents for the purposes of 


1 1 the Schenk patent, the Velasquez patent, Harrison? 


11 


looking at the claims. 


12 A Yes, those three. 


12 


Q Of looking at the claims? 


13 Q And you reviewed all of those. Looking at 


13 


A Or not looking at the claims; just trying to 


1 4 paragraph nine of your report, the first sentence. I 


14 


help, I guess, sort out the claims and the basis for 


1 5 will just read it, for the record, so that maybe it 


15 


the claims. 


1 6 will make sense when we read it all later. It says, I 


16 


Q At the time that you had this discussion, had 


1 7 understand that this lawsuit involves an application 


17 


you already been retained by the Patent Office to be an 


18 for a U.S. patent that claims various methods with 


18 


expert? 


1 9 administering aerosolized dry insulin powder to the 


19 


MR. WOOD: Objection to form. 


2 lungs for absorption into the bloodstream for the 


20 


THE WITNESS: I can't recall when that 


2 1 purpose of treating diabetes mellitus in diabetes. 


21 


happened. I mean, I have — I had an early discussion 


2 2 Did I read that correctly? 


22 


in December and then discussions in January. 



4 (Pages 10 to 13) 



Alderson Reporting Company 
1-800-FOR-DEPO 



28adf66a-437e-49da-b70b-f1 4976046527 



Case 1 :06-cv-01 896-CKK Document 27-6 
Myrna B. Dolovich 



Filed 04/02/2008 Page 6 of 61 

February 12, 2 008 



Alexandria, VA 



Page 14 




Page 16 


1 BY MS. PFEIFFER: 


1 


Q Why were you doing it? 


2 Q In December can you tell me what that 


2 


A Why was I doing it? To discuss claims that 


3 discussion was and how it came about? 


3 


were presented and the background that would either 


4 A Well, how it came about? It was a phone 


4 


substantiate them or not. 


5 call. 


5 


Q And when you refer to claims, do you mean the 


6 Q Okay. And that phone call was from whom? 


6 


claims in the application for the patent? 


7 A Most likely it was from Ben from the Patent 


7 


A The claims that were listed here. 


8 Office. 


8 


Q When you say "here," what are you referring 


9 Q Had you ever met him before? 


9 


to? 


10 A No. 


10 


A In paragraph nine is what we are discussing. 


11 Q And he introduced himself to you? 


11 


I beUeve. 


12 A Yes, he did. 


12 


Q So the numbered Claims 22, 23, 25, 26, 31, 


13 Q And what did he say to you? 


13 


and 35? 


14 A I can't recall his exact words. I imagine 


14 


A Uh-huh. 


1 5 the phone rang in my office, I picked it up, and he 


15 


Q And that was - what were you reviewing those 


1 6 said. This is Ben Woods from the U.S. Patent Office 


16 


claims for? 


1 7 calling to ask whether I would be -- 1 assume this is 


17 


MR. WOOD: Objection to form. 


1 8 how the conversation went -- would be interested and 


18 


BY MS. PFEIFFER: 


1 9 willing to review these documents for the Patent 


19 


Q What was the purpose of reviewing the claims? 


2 Office. 


20 


A To see whether they had any basis, I imagine. 


21 Q And did he say for what purpose? 


21 


Q What do you mean by basis? 


2 2 A I can't recall precisely. I imagine he did. 


22 


A Well, to see whether they were justified in 
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1 Q Okay. And that was the extent of that 


1 


making those claims. 


2 conversation? 


2 


Q Okay. What do you mean by justified? 


3 A Possibly. I don't remember, to be honest. 


3 


A Whether they were correct, whether they had 


4 Q That's all you remember, though? 


4 


the evidence, so to speak, in the medical literature 


5 A No. 


5 


for stating what they stated. 


6 Q And did you agree to review some documents? 


6 


Q Okay. The second sentence in paragraph nine 


7 A Yes, I did. 


7 


says, I further understand that the issue to be decided 


8 Q And did you do so? 


8 


by the Court is whether these claims, numbered 22, 23, 


9 A Yes, I did. 


9 


25, 26, 31 and 35, are patentable under the U.S. Patent 


10 Q And when was the next time that you spoke to 


10 


statute. 


11 the Patent Office? 


11 


Did I read that correctly? 


12 A Most likely in January. I can't recall the 


12 


A Uh-huh. 


13 exact dates. 


13 


Q What do you mean by patentable? 


14 Q And the next time you spoke, though, was 


14 


A Whether they - you want a definition of 


1 5 after you had reviewed the documents they had sent you? 


15 


patentable? 


16 A Probably I had looked what they were and I 


16 


Q No. I want to know what you meant when you 


1 7 glanced through them but not reviewed them in detail. 


17 


either wrote or agreed that that was a correct 


18 Q And when you reviewed the documents, what did 


18 


statement? 


1 9 you understand to be the purpose for your review of 


19 


A In my view, if something is unique, I guess. 


2 them? 


20 


and someone is filing for a patent on those ideas. 


21 A And what do you mean by purpose for my 


21 


Q And is that what the Patent Office asked you 


2 2 review? 


22 


to do, to form an opinion as to whether those claims 



5 (Pages 14 to 17) 



Alderson Reporting Company 
1-800-FOR-DEPO 



28adf66a-437e-49da-b70b-f1 4976046527 



Case 1 :06-cv-01 896-CKK Document 27-6 Filed 04/02/2008 Page 7 of 61 

Myrna B. Dolovich February 12, 2 008 

Alexandria, VA 



Page 18 




Page 2 


1 were patentable? 


1 


MR. WOOD: Objection to form. 


2 A Well, the Court has to decide whether the 


2 


MS. PFEIFFER: Can I have the court reporter 


3 claims are patentable, not me. 


3 


read back your earlier answer for you, if that would 


4 Q Okay. But you did not decide whether, in 


4 


make it easier. 


5 your view, the claims were patentable. Is that what 


5 


(The record was read back as follows: 


6 you are saying? 


6 


"A: Well, unique usually is defined as 


7 A Are you asking me to judge on what the Court 


7 


something that is different, has not been 


8 would say? 


8 


described before. It is specific to a 


9 Q No. I am asking you whether you formed your 


9 


certain method. If I were - I guess if I 


1 own views as to whether those claims were patentable. 


10 


was reviewing a paper for a publication, for 


11 A I formed my own views as to whether those 


11 


example, and someone claims a unique method 


12 claims were unique and novel. 


12 


of treating or doing something, it would 


13 Q And what do you mean by unique and novel? 


13 


have to be different. It would have to be 


14 A Well, unique usually is defined as something 


14 


novel.") 


1 5 that is different, has not been described before. It 


15 


BY MS. PFEIFFER: 


16 is specific to a certain method. If I were -- 1 guess 


16 


Q So what do you mean by novel when you use 


17 if I was reviewing a paper for a publication, for 


17 


that word with respect to patentability? 


1 8 example, and someone claims a unique method of treating 


18 


A Well, I would in my experience view something 


19 or doing something, it would have to be different. It 


19 


novel as being new, being different. 


2 would have to be novel. 


20 


Q Is your experience related to obtaining the 


21 Q Have you had any experience in applying for 


21 


U.S. patent? 


2 2 patents? 


22 


A No. 
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1 A Yes. 


1 


Q So you are just using it in a general sense 


2 Q And have you ever applied for a patent in the 


2 


as your understanding as a researcher; is that correct? 


3 United States? 


3 


A That's correct. 


4 A Yes, I have. Not directly, not myself, but 


4 


Q And the same for unique -- your use of the 


5 with a colleague. 


5 


word unique in connection with patentability? 


6 Q And did you work on the patent application 


6 


A Yes. 


7 for the United States patent with your colleague? 


7 


Q So that's based on your understanding as a 


8 A No, I did not. 


8 


researcher and not anything specific to the patent 


9 Q Do you have any understanding of what the 


9 


process; is that right? 


1 standards for patentability are in the United States? 


10 


A That's right. 


11 A Are you asking me do I know what the Patent 


11 


Q And just so I am clear, the understanding 


1 2 Office would consider as what would be allowed? 


12 


that you express in the second sentence in paragraph 


13 Q That's one part of the question, yeah. That 


13 


nine was an understanding that was communicated to you 


1 4 would be fine if you answered that. 


14 


by the lawyers for the Patent Office; is that correct? 


15 A I would say just in general. 


15 


MR. WOOD: Objection to form. 


16 Q And what do you understand in general? 


16 


THE WITNESS: I think that the gist of the 


17 A That if you describe something that is novel 


17 


sentence was written based on my understanding. 


1 8 and unique perhaps, then you might have reason for 


18 


BY MS. PFEIFFER: 


1 9 expecting a patent on that idea. 


19 


Q What was the source of that understanding? 


2 Q And when you use the word novel, do you use 


20 


A What do you mean the source? 


21 it in the answer you just give me in the same sense 


21 


Q What was the basis for it? 


2 2 that you used it in your earlier answer? 


22 


A Well- 
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1 Q How did you come to form that understanding? 


1 


Q When did you agree to be an expert witness? 


2 What was the information that was available to you on 


2 


A Probably in January. 


3 which that was based? 


3 


Q The first call that you had in January? 


4 MR. WOOD: Objection to form. 


4 


A I don't remember for sure. 


5 THE WITNESS: The information is given in 


5 


Q What information did you exchange with the 


6 that sentence and then on the documents that were 


6 


PTO in your phone calls in order to prepare Exhibit 1? 


7 supplied. 


7 


A They sent the relevant documents. 


8 BYMS.PFEIFFER: 


8 


Q Did you, yourself, come up with any documents 


9 Q Just so I understand, then, you are saying 


9 


that you thought were relevant to forming your opinion 


1 that your understanding about what the issue to be 


10 


or did everything come to you from the PTO? 


1 1 decided by the Court was, was derived by you from 


11 


A No. I supphed the literature from the 


1 2 having read the materials that you enumerated in 


12 


medical field. 


1 3 paragraph eight, plus the '281 wrapper and the 


13 


Q Can you tell me what you supplied? 


1 4 Relevance article; is that correct? 


14 


A Well, we can go through the list. 


15 A That would be correct. 


15 


Q We are referring now to paragraph eight. 


16 Q So no one at the Patent Office or from the 


16 


right? 


1 7 Patent Office told you that the issue to be decided by 


17 


A We are referring to page three, yes. So J — 


1 8 the Court was whether the Claims 22, 23, 25, 26, 31, 


18 


I, J, probably K, L. 


1 9 and 35 are patentable; is that correct? 


19 


Q I am sorry. I couldn't hear you. 


2 A I would have to agree, yes. 


20 


A L. I am just reading off the number. 


21 Q And who wrote the sentence that we have just 


21 


Q I,J,L? 


2 2 been talking about? 


22 


A Probably K as well. 
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1 A Well, I beheve that it was written by the 


1 


Q Okay. 


2 lawyers. And I - in a draft, as I said earlier. And 


2 


A M, N, although I believe that the Patent 


3 I reviewed it and made changes. 


3 


Office had M akeady. 0, P, Q, R, S, T, U, V, W, X, 


4 Q Okay. Do you recall whether you made any 


4 


Y. That's it. And then I believe that on either the 


5 changes to that particular sentence? 


5 


Velasquez or the Schenk patent there was reference to 


6 A Not at this point. 


6 


the Swedish patent, the Wetterlin patent. 


7 Q You had said that you spoke to the PTO 


7 


Q And so you suggested that you review those? 


8 lawyers in December and then again in January. The 


8 


A Uh-huh. And then the last article. 


9 first call, as I remember, was just to ask whether you 


9 


Q And the Laube article? 


1 might be interested in being an expert for them; is 


10 


A Uh-huh. 


11 that correct? 


11 


Q Had you identified all of these articles by 


12 A That's correct. 


12 


the beginning of January when you spoke to the PTO? 


13 Q And in January what conversation did you have 


13 


A No. 


1 4 with them - the first - did you speak more than once 


14 


Q When did you do that? 


15 in January? 


15 


A Through the month of January as I was reading 


16 A Yes. 


16 


the hterature. 


17 Q What about the first conversation that you 


17 


Q So would it be fair to say that the process 


1 8 had with them in January? What was that about? 


18 


that you used was that once you told the PTO you would 


19 A I honestly can't remember. It would have 


19 


be an expert, that you went back through the literature 


2 been a follow-up to the first phone call. Once I had 


20 


and decided what you should review and what you 


2 1 agreed to be an expert witness or whatever it is 


21 


believed would be relevant to forming your opinion? 


2 2 called, then the process began. 


22 


A I reviewed the documents supplied by the 
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1 Patent Office. 


1 


A And measure response. 


2 Q And what were those documents? 


2 


Q Anything else? 


3 A Those documents were the other ones that I 


3 


A Pubhsh your findings. 


4 just did not read off. 


4 


Q Anything else? 


5 Q That's fine. 


5 


A Present your findings. 


6 A And in reviewing those documents, I went into 


6 


Q And you learned this in the context of papers 


7 the hterature to refresh my memory about what findings 


7 


that were presented? 


8 were that had been published. 


8 


A Yes. 


9 Q Okay. And were you looking for findings in a 


9 


Q Did you ever discuss — 


1 particular time frame? 


10 


(Medical emergency in the deposition. A 


11 A The discussion of insulin in the literature 


11 


recess was held.) 


1 2 started quite early. And so I went back to papers that 


12 


BY MS. PFEIFFER: 


1 3 were pre- 1990, some of them. And so let's say past 


13 


Q Ms. Dolovich, during the break, did you 


14 that. 


14 


discuss any of the substance of this deposition with 


15 Q Were you looking for hterature that was 


15 


any of the PTO lawyers? 


1 6 prior to January 29, 1993? 


16 


A No, I did not. 


17 A Yes, as well as the - 


17 


Q I think you were telling me about your having 


18 Q I am sorry. I lost that. 


18 


learned about aerosolized insulin prior to January 29, 


19 A As well as hterature that was published 


19 


1993; is that right? 


2 after that. 


20 


A That's correct. 


21 Q In 1993 or before January 28, 1993, were you 


21 


Q And you said you had had some presenting 


2 2 familiar with the literature about aerosolized insuhn? 


22 


paper presented at conferences. Did you have any other 
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1 A No, I can't say that I was famiUar with it. 


1 


knowledge of aerosolized insulin prior to January 29, 


2 Q When did you first become famiUar with that 


2 


1993? 


3 hterature? 


3 


A Well, as I mentioned earlier, I heard about 


4 A Over the last several years, I would think. 


4 


inhaled insulin at meetings. 


5 Q Since 2005? 


5 


Q Yes. 


6 A Well, possibly before then. 


6 


A And that would have occurred in 1992 or 1991 


7 Q 2002? 


7 


when I was at a meeting. 


8 A It could be, uh-huh. I can't be specific. 


8 


Q What meeting were you at then? 


9 Q What was the first time that you became aware 


9 


A Drug-dehvery meeting. 


10 of research involving aerosohzed insuhn? 


10 


Q And where did that take place? 


11 A Prior to 1993? 


11 


A That took place - it may have been Richmond, 


12 Q It was prior to 1993. 


12 


Virginia. I can't remember for sure. 


13 A Yes. 


13 


Q Do you remember who spoke at that conference 


14 Q In what context did you become aware of it? 


14 


on aerosohzed insulin? 


15 A Through meetings. 


15 


A Yes, I do. 


16 Q And what did you learn at those meetings? 


16 


Q Who was it? 


17 A That one could produce an aerosol of insuhn. 


17 


A Beth Laube. 


18 Q Anything else? 


18 


Q Did you speak with Dr. Laube about her 


19 A And inhale it. 


19 


presentation at that meeting? 


2 Q Anything else? 


20 


A That was 1992. And I honestly can't recall. 


21 A Get it into the lung. 


21 


I may have, but likely I did not. 


2 2 Q Anything else? 


22 


Q Do you know Dr. Laube? 
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1 A Yes, I do. 


1 


Dr. Laube's delivering the paper in 1992? 


2 Q And have you known her for a fong time? 


2 


A Why November 2007? 


3 A Yes, I have. 


3 


Q Because it was before you reviewed the 


4 Q Have you ever discussed with her prior to 


4 


hterature. 


5 January 29, 1993, her research into the use of 


5 


A For this? 


6 aerosohzed insulin? 


6 


Q For this assignment, right. 


7 A 1 can't say that I have. 


7 


A I didn't review any hterature in November 


8 Q Who else spoke at that conference in 1992? 


8 


2007 for this assignment. 


9 A Idid. 


9 


Q I know that. That was before your review of 


10 Q And what did you speak on? 


10 


the hterature. So my question is, before you reviewed 


11 A 1 spoke on the relevance of aerosolized 


11 


the hterature, did you have any independent 


1 2 particle size. 


12 


recollection of Dr. Laube's presentation in 1992? 


13 Q So that was the paper that you gave at that? 


13 


A No. 


14 A That's correct. 


14 


Q Do you have any other recollection of 


15 Q Who else? Do you remember who spoke at that 


15 


information that you had about the use of aerosohzed 


1 6 conference? 


16 


insuhn in the period before January 1, 1993? 


17 A 1 have to get the table of contents from the 


17 


A Can you repeat the question? 


1 8 publication, but most likely Peter Byron. 


18 


Q Yeah. My question is, other than Dr. Laube's 


19 Q And what did he speak on? 


19 


paper, do you have any other recollection of having 


2 A You know, drug delivery. 1 would have to 


20 


heard about the use of aerosohzed insuhn prior to 


2 1 look at the table of contents to honestly be able to 


21 


that January 29, 1993 date? 


2 2 remember. 


22 


A Not that I can recall specifically. 
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1 Q Anyone else that you remember speaking? 


1 


Q Anything you can recall generally? 


2 A Again, 1 need to go back. There probably 


2 


A Well, 1 had written a number of review papers 


3 were about maybe a dozen papers in the proceedings. 


3 


on drug delivery - aerosol drug delivery. And you 


4 Q And the only two that you remember are 


4 


always mention new entities. And so diseases that are 


5 Dr. Laube's and your own? 


5 


being treated are being projected to be treated by 


6 A At this point, yeah. 


6 


aerosohzed medications. And diabetes would be on the 


7 Q And why is it that you remember Dr. Laube's 


7 


hst. 


8 paper as we sit here today? 


8 


Q In the period before January 29, 1993, would 


9 A Because 1 just do. 1 mean, when you look in 


9 


diabetes have been on the list of projected diseases to 


10 the literature, you are referred back to pubhcations. 


10 


be treated by aerosol? 


1 1 And 1 knew that 1 had spoken at that meeting. And when 


11 


MR. WOOD: Objection to form. 


1 2 1 pemsed the proceedings, her paper was either before 


12 


THE WITNESS: It certainly would have been 


13 or after mine. 


13 


raised as a possibility. 


14 Q So looking at the proceedings in connection 


14 


BYMS.PFEIFFER: 


1 5 with your preparation for being an expert witness 


15 


Q And why is that? 


1 6 caused you to recall that you had heard Dr. Laube 


16 


A Why wouldn't it be? 


1 7 deliver her paper at the conference in 1992; is that 


17 


Q When was the first time that you had any 


18 correct? 


18 


personal experience in dealing with aerosolized 


19 A Yes. In a broad sense, uh-huh. 


19 


insulin? 


2 Q And before you reviewed the hterature in 


20 


MR. WOOD: Objection to form. 


2 1 connection with your being an expert witness, say, in 


21 


THE WITNESS: Probably in 2003, 2004. 


2 2 November of 2007, did you have any recollection of 


22 


BYMS.PFEIFFER: 
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1 Q And what was that experience? 


1 


Q G-u-n-t-h-e-r? 


2 A That was being an investigator in an animal 


2 


A G-u-e-n-t-h-e-r. 


3 study looking at inhaled insulin. 


3 


Q Anyone else? 


4 Q Were you doing it - were you looking at 


4 


A I am trying to remember the names of the 


5 inhaled insulin? Is that what you said? I'm sorry. 


5 


people on the publication. I would have to look at the 


6 You trailed off at the end, and I didn't hear you 


6 


CV. Maybe Dr. Chirakal, C-h-i-r-a-k-a-1. 


7 clearly. 


7 


Q And what publication came out of that 


8 A It was - it was gearing up, so to speak. 


8 


research? 


9 preparing to develop inhaled insuhn. 


9 


A That publication was a method for providing a 


10 Q And was that something that you were going to 


10 


PET tracer insulin. 


1 1 develop in your lab? 


11 


Q Is that one of the documents that you 


12 A Not me - well, as a group. 


12 


reviewed and considered in connection with forming your 


13 Q And who else was in the group? 


13 


opinion? 


14 A There was a chemist. 


14 


A No. 


15 Q And the name of the chemist? 


15 


Q Why not? 


16 A Dr. John Vallient. 


16 


A Because it is a chemistry paper. 


17 Q And who else? 


17 


Q What was your role on the team? 


18 A A post-doc fellow. 


18 


A I was the principal investigator of the 


19 Q Who was? 


19 


study. 


2 A Dr. Renee Labaris. 


20 


Q And what did that entail? 


21 Q Okay. 


21 


A That entailed developing protocols with my 


2 2 A And I had number of research assistants. 


22 


team and carrying out a study. 
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1 Q And - 


1 


Q What do you mean by developing protocols? 


2 A As did Dr. VaUient. 


2 


A Writing a document that describes what the 


3 Q Were there any medical doctors on that team? 


3 


methods were going to be, background information. 


4 A There were, yes. 


4 


methods for exposing the animal model to the tracer. 


5 Q And who were they? 


5 


and then quantitating. 


6 A Dr. Karen Gulenchyn. 


6 


Q So this was not a human study? 


7 Q Can you spell that name, for the court 


7 


A This was not a human study. 


8 reporter? 


8 


Q Did you use live animals? 


9 A G-u-1-e-n-c-h-y-n. And Dr. Hertzel Gerstein. 


9 


A Yes. 


10 Q I'm sorry. 


10 


Q Lab rats? 


11 A Dr. Hertzel Gerstein. 


11 


A No. They were dogs. 


12 Q I think she may need some help with that. 


12 


Q Is the protocol that you developed set out in 


13 too. 


13 


the paper? 


14 A G-e-r-s-t-e-i-n. 


14 


A No. That was pubhshed? 


15 Q I certainly needed help with it. Thank you. 


15 


Q Yes. 


1 6 Could I ask you just to speak a httle louder? 


16 


A No. 


17 A Sure. 


17 


Q What did your protocol involve? 


18 Q I am having trouble hearing. Anyone else on 


18 


A It involves some background information. 


1 9 the team? 


19 


Q What background information? 


2 A Dr. Valhent had a Ph.D student. 


20 


A On, I guess, the use of insuhn. I can't 


21 Q And do you know the name of that student? 


21 


remember the details. 


2 2 A Katrina Guenther. 


22 


Q Right. Just-- 
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1 A This is 2002. 


1 


compounds. 


2 Q - give me the best recollection you have. 


2 


BYMS.PFEIFFER: 


3 A So when you write a protocol for a research 


3 


Q So it, itself, is a radioactive compound? 


4 study, you give a background as to what the nature of 


4 


A Material. 


5 the question is. You would outline the methods that 


5 


Q Material. Which you can use with any number 


6 you were going to use to test your question, the 


6 


of other compounds; is that correct? 


7 methods that would be used to handle the information. 


7 


A Yeah. And don't ask me to name them but. 


8 and your conclusions. That would be in a pubhcation. 


8 


yes. 


9 So in a protocol, it would just be the 


9 


Q Can you use them with complex molecules? 


1 methods of exposure, how you are going to - what 


10 


MR. WOOD: Objection to form. 


1 1 measurements you are going to obtain during your 


11 


THE WITNESS: Dr. Valhent was able to do so. 


1 2 research protocol, research experiments. 


12 


BYMS.PFEIFFER: 


13 Q And what were the methods that you developed 


13 


Q So you consider insuhn to be a complex 


1 4 for your team to follow in performing the research? 


14 


molecule? 


15 A Well, first of all, they were developed as a 


15 


A In terms of being able to label something, I 


16 group. The methods of preparing the dog. 


16 


would say that it was complex in that any molecule 


17 Q And did you have input on that? 


17 


potentially could be complex. 


18 A Not specifically. That came through the 


18 


Q Weh, is it more complex than something 


1 9 central animal facility in discussions with 


19 


which, for instance, is not a protein? 


2 Dr. Labaris. 


20 


MR. WOOD: Objection to form. 


21 Q And what was the next thing? 


21 


THE WITNESS: I can't comment on that. 


2 2 A Exposure of the animal to the aerosol. 


22 


BYMS.PFEIFFER: 
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1 Q And did you have input into that? 


1 


Q So who made the decision to use that 


2 A In a general sense. 


2 


particular tracer? Was that you? 


3 Q And what was that general sense? What was 


3 


A No. That was Dr. Valhent. 


4 that general contribution? 


4 


Q So what was the next — what contribution did 


5 A How we were going to interface with the dog 


5 


you make to the determination about how to administer 


6 to be able to - a dog that's anesthetized. And so you 


6 


insulin to the animal for this experiment? 


7 need to be able to dehver your tracer which, in this 


7 


A The protocol for imaging and handling the 


8 case, would have been a PET aerosol of insuhn. And 


8 


data. 


9 PET -- it is not referred to as the dog, but it refers 


9 


Q And can you explain to me what that protocol 


10 to the method of detection and the tracer that was 


10 


was? 


1 1 developed. 


11 


A It was a description of how we would image 


12 Q Positron Emission Tomography? 


12 


the dog. 


13 A Oh, yes, indeed. 


13 


Q And how did you propose to do that? 


14 Q What tracer did you use? 


14 


A We had a one-hour dynamic scan fohowed by 


15 A F-18. 


15 


two hours of whole body imaging - static imaging. 


16 Q And what's that? 


16 


Q And that was, again, using PET? 


17 A Fluoride. 


17 


A Yes. 


18 Q Is that a common tracer used with many 


18 


Q And how did you go about doing that scanning? 


1 9 different medicines or was it pecuhar to insuhn? 


19 


A The protocol was entered into the scanner 


2 MR. WOOD: Objection to form. 


20 


computer by the physicist, and the technologist pushed 


2 1 THE WITNESS: It is the most commonly used 


21 


the button and the scan started. 


2 2 PET tracer, and it is attached to a number of 


22 


Q Okay. And what did you contribute to that 
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1 process specifically? 


1 


You know that you are going to be exposing the animal 


2 A We had discussions about the timing of the 


2 


to your tracer. And so when you want to see it arrive 


3 protocol. 


3 


at your target, so to speak, and you want to make sure 


4 Q What do you mean by timing of the protocol? 


4 


that you are going to be able to do that, then you get 


5 A When to start. 


5 


everything set up ready to go. You say start and then 


6 Q Okay. 


6 


at one minute you deliver your tracer. You already 


7 A How to frame. 


7 


estabhshed a one minute of imaging nothing, so to 


8 Q Anything else? 


8 


speak, in order to capture that event. 


9 A How long to acquire a static image. 


9 


BYMS.PFEIFFER: 


10 Q Anything else? 


10 


Q So you have a baseline for what happens next? 


11 A I can't recall, but that's basically what it 


11 


A Something hke that, yeah. 


12 is. 


12 


Q Is that just normal practice in imaging 


13 Q Do you remember when you started - when you 


13 


anything that you are trying to? 


14 recommended starting the imaging? 


14 


A It is a process that one would consider. It 


15 A The date that I recommended? 


15 


is not necessary for everything. 


16 Q No. You said that the first thing that you 


16 


Q What else might you do rather than start 


1 7 said that you contributed was when it should start. 


17 


before the administration of the material you were 


18 A Right. 


18 


trying to track? 


19 Q When the image should start. So what was - 


19 


A You would start after you administered it. 


2 A When the button should be pushed is what you 


20 


Q Are there any other options? 


21 are asking? 


21 


A You could start during, but that would be not 


2 2 Q Yes. When did that happen within the process 


22 


as useful. 


Page 43 




Page 45 


1 is my first question? 


1 


Q Why not? 


2 A A minute before we gave the tracer. 


2 


A As starting - well, in our view, we want to. 


3 Q How did you determine when the button should 


3 


as I say, capture the event in real time. 


4 be pushed? 


4 


Q And was that your decision? 


5 A The computer was set up to start. We were -- 


5 


A I can't say it was mine alone. We have had a 


6 the people who were going to be delivering the tracer 


6 


group of investigators, specifically myself and 


7 were in position. The piece of equipment was set up. 


7 


Dr. Labaris, who discussed how we should image the 


8 And when everybody was ready, the technologist was told 


8 


dog. And that was our decision. 


9 to push the button. 


9 


Q So was there anything else that was your 


10 Q And you told them to do that? 


10 


responsibility other than the three things that you 


11 A I did or Dr. Labaris. 


11 


mentioned to me earlier - when to start, how to frame. 


12 Q Why did you select that point in the process 


12 


and how long to acquire data? 


13 to beg in the imag ing ? 


13 


A No. 


14 A So you could see the arrival of your tracer 


14 


Q What was the goal in performing this 


15 in the scan. 


15 


experiment? 


16 Q And was it you who made the decision that it 


16 


A The goal was to look at the deposition and 


1 7 should be -- the button should be pushed at that point 


17 


uptake of F- 18 insulin. 


18 in the process, or did you discuss that with your 


18 


Q What do you mean by deposition? 


1 9 colleagues? 


19 


A Where it was deposited in the lung and other 


2 MR. WOOD: Objection to form. 


20 


organs. 


21 THE WITNESS: I think I described to you what 


21 


Q So you looked at other organs and not just 


2 2 happened. You know, people need to get in position. 


22 


the lungs? 
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1 A Well, it is part of the imaging information. 


1 


chemical? 


2 You get information. 


2 


A That's correct. 


3 Q Because it passes through the system? 


3 


Q Is there any other research that you have 


4 A And your scanner is over that part of the 


4 


done with respect to insulin — aerosolized insulin? 


5 anatomy. 


5 


A No. 


6 Q And what do you mean by uptake? 


6 


Q Have you done any research with respect to 


7 A Measurement of your tracer in the blood and 


7 


non-aerosolized insulin? 


8 disappearance from your target organ. 


8 


A No. 


9 Q From? 


9 


Q Do you have any experience in the use of 


10 A Your target organ. 


10 


subcutaneous injections of insulin? 


11 Q And the target organ in this case was the 


11 


A Not outside of the study that I just 


12 lung? 


12 


described to you. 


13 A Yes. 


13 


Q Have you had any other exposure to insulin 


14 Q Why did you want to perform such a test with 


14 


treatment than the study that you described? 


1 5 insulin? 


15 


MR. WOOD: Objection to form. 


16 A Nobody has done - nobody has imaged where 


16 


THE WITNESS: No, not firsthand. I have read 


1 7 insulin goes in the body. This was an opportunity to 


17 


papers, but I haven't had hands-on experience. 


1 8 do that. 


18 


BY MS. PFEIFFER: 


19 Q Has anyone done such studies since 2002, 1 


19 


Q And were those papers that you read in 


2 think you said is when this one was? 


20 


connection with the studies that we just talked about? 


21 A Well, we started in 2002. We haven't even 


21 


A They were papers that I read at the time. We 


2 2 finished. But nobody - well, no, I shouldn't say 


22 


were developing our protocols for the animal study and. 
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1 that. There has been studies using, I think, 1-124 


1 


then again, for this. 


2 or -1-124, 1 think. 


2 


Q For this being the expert witness? 


3 Q I'm sorry. Using? 


3 


A Yes. 


4 A 1-124. Yeah, 1-124. 


4 


Q And the time when you were preparing the 


5 Q Is that a form of iodine? 


5 


protocol, was that also 2002? 


6 A Yes. It is another tracer. 


6 


A Yes, 2002, 2003. 


7 Q Are the results different if you use 


7 


Q What was the role that the medical doctor 


8 different types of tracers? 


8 


played in the study? 


9 MR. WOOD: Objection to form. 


9 


A We did the study in nuclear medicine. She is 


10 THE WITNESS: It can be. 


10 


the director of Nuclear Medicine. And so it was her 


11 BY MS. PFEIFFER: 


11 


responsibility — it is her responsibility for what 


12 Q And what difference does it make what tracer 


12 


transpires in her department. And as we were intending 


1 3 you use? 


13 


to do a human study following the study she, again, was 


14 A Well, it all depends on how successful your 


14 


part of the team. 


1 5 labeling is of your chemical. So if you have a tracer 


15 


Q What was the significance in terms of her 


16 on your chemical that is not firmly bound to the 


16 


role of the fact that you were intending to do a human 


1 7 chemical, then you can give it to an animal, to a 


17 


study following the animal study? 


1 8 human. And there may not be - the bond, because it is 


18 


MR. WOOD: Objection to form. 


19 not a firm bond, could separate from the chemical. And 


19 


THE WITNESS : As I said, her experience is 


2 you would be imaging your tracer without the chemical. 


20 


in nuclear medicine. She is knowledgeable in tracer 


21 Q I see. So you would know what happened to 


21 


imaging obviously and has an understanding of disease 


2 2 the tracer, but you wouldn't know what happened to the 


22 


mechanisms. 
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1 BY MS. PFEIFFER: 


1 


THE WITNESS: What do you mean by that? Can 


2 Q Does she also have knowledge regarding the 


2 


you better define what you are asking? 


3 treatment of humans with insuhn? 


3 


BY MS. PFEIFFER: 


4 A She would have to speak for herself. I 


4 


Q Perhaps. I don't know whether I can, but I 


5 imagine as a physician she would have some knowledge. 


5 


will try. 


6 But her specialty is nuclear medicine. 


6 


A Okay. 


7 Q Have you done human studies? 


7 


Q My question really is whether your research 


8 A No. 


8 


is focused on the use of medicines within the pulmonary 


9 Q Do you still intend to do them? 


9 


system as opposed to using the pulmonary system as a 


10 A I wish I could say yes, but we are not. And 


10 


conduit for treatment of other parts of the body? 


1 1 for obvious reasons. 


11 


A Mostly the former. 


12 Q What is the obvious reasons? 


12 


Q What have you done that's focused on the 


13 A Because the drugs are no longer available. 


13 


latter? 


14 Q Is this a study that was being done for 


14 


A Just — I guess, mainly it would be insulin 


15 Pfizer, then - 


15 


work. 


16 A Yes. 


16 


Q Anything else that you can think of? 


17 Q - in connection with Exubra? 


17 


A I am trying to remember outside the lung. 


18 A Uh-huh. 


18 


And I can't say that I initiated another like study. 


19 Q And since they have taken Exubra off the 


19 


Q Have you worked on any similar study, whether 


2 market, they have ceased funding the studies? 


20 


you initiated it or not? 


21 A That's correct. 


21 


MR. WOOD: Objection to form. 


2 2 Q What is the focus of your research generally. 


22 


THE WITNESS: I would have to say no. 
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1 not just with respect to insulin? 


1 


BY MS. PFEIFFER: 


2 MR. WOOD: Objection to form. 


2 


Q Going back to the preparation of your report. 


3 THE WITNESS: My research has focused on 


3 


who were the people at the PTO that you dealt with? 


4 delivering drugs to the lung; imaging drugs that are 


4 


A Ben Wood - Woods - and then later Mary 


5 dehvered to the lung; in some instances, looking at 


5 


Kelly and Fran. I am missing Fran's last name. Sorry. 


6 chnical response. 


6 


Q When did you first deal with Mary? 


7 BY MS. PFEIFFER: 


7 


A Oh, probably mid- January. I truly can't 


8 Q What do you mean by clinical response? 


8 


remember. 


9 A Your response to a drug that has been given 


9 


Q And with Fran? 


10 by inhalation. 


10 


A Late January or February. We are in February 


11 Q And you are looking at the response within 


11 


now, yeah. 


12 the lung ; is that correct? 


12 


Q Do you know what each person's role was in 


13 A No. When you talk about response, it is a 


13 


the drafting of the report that you have submitted? 


14 clinical outcome. So we would measure your pulmonary 


14 


A Just as - no, I can't say I can define their 


1 5 function in response to, say, a bronchodilator. There 


15 


roles. 


16 are other outcomes that one can look at in response to 


16 


Q Do you know who was the principal 


17 a drug. So if I used one of those drugs, then 


17 


draftsperson? 


1 8 potentially we would build in a chnical arm. 


18 


A No, I don't. 


19 Q Have you in any of these studies looked at 


19 


Q When did you first receive a draft of the 


2 whether the material delivered to the drug has any 


20 


opinion? 


2 1 systemic effect outside the pulmonary system? 


21 


A Probably in the last two or three weeks. 


2 2 MR. WOOD: Objection to form. 


22 


Yeah, probably three weeks ago. 
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1 Q Something like the 20th of January? 


1 


front of me. 


2 A It could be. I can't specifically say what 


2 


Q Do you have a record of those calls? 


3 day. 


3 


A Some of them I do. 


4 Q And prior to that, you had telephone 


4 


MS. PFEIFFER: I think we would Uke to see 


5 discussions with the PTO people? 


5 


those. And we can deal with that off Une. 


6 A Yes. 


6 


BY MS. PFEIFFER: 


7 Q With all of them? 


7 


Q The next call -- 1 am just going to say the 


8 A Sometimes. 


8 


second of January call. 


9 Q We had talked about the first call that you 


9 


A The second of January, I think was - 


1 had in December and then a call in the beginning of 


10 


Q Just the second January call? 


1 1 January? 


11 


A Oh, second January call. 


12 A Uh-huh. 


12 


Q The second of January, I think, was a 


13 Q In the call in the beginning of January, how 


13 


Wednesday, but I won't swear to it. 


14 long did that last? 


14 


MR. WOOD: I am going to object as to form. 


15 A I truly don't know. It would have been 


15 


BY MS. PFEIFFER: 


1 6 anywhere from 10 minutes, 30 minutes perhaps. I cannot 


16 


Q So in the second January call, who was on the 


1 7 remember. 


17 


Une? 


18 Q What was the focus of that conversation? 


18 


A Again, I can't specifically say. It was 


19 A Well, if it was the first call after 


19 


Ben. I don't know if anybody else was on it. I don't 


2 December, it was to inquire as to whether I would be 


20 


beUeve so, but I don't remember. 


2 1 the expert witness. 


21 


Q How long did that call last? 


2 2 Q Anything else? 


22 


A Again, I don't remember. You know, it would 
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1 A No, I don't remember. But I can't recall. 


1 


have been a call, as I said a few minutes ago, to firm 


2 Q Okay. And do you recall who that call was 


2 


up my decision to whether I was going to participate or 


3 with? 


3 


not. 


4 A That would have been Ben. 


4 


Q Okay. 


5 Q And no one else? 


5 


A It would be my recollection. 


6 A I am assuming nobody else. 


6 


Q All right. And after that call, which I am 


7 Q At that time, did you have a conversation 


7 


going to, for purposes of the next question, I will 


8 with him about what your views were regarding the 


8 


refer to as the first January call, which is when he 


9 opinion? 


9 


called you and you said. Yes, I am willing to be an 


10 A Again, I don't remember. I would not have 


10 


expert. Then there was a second call in January? 


1 1 seen the documents at that point. 


11 


A Uh-huh. 


12 Q So you received -- 


12 


Q And you can't remember whether that was a 


13 A I don't believe. 


13 


week or something less later, but there was definitely 


14 Q So you received the documents after the 


14 


a second one, right? 


1 5 January - 


15 


A Yes. 


16 A I think so. 


16 


Q And in that one, Ben also called you? 


17 Q - the January proposition? 


17 


A I believe so. 


18 A Yeah. 


18 


Q And what did you discuss in that call? 


19 Q And how long was it before you had another 


19 


A I guess more of the same. Maybe I had 


2 conversation with somebody from the PTO? 


20 


received some documents by then. I don't remember. 


21 A I don't remember. I could guesstimate a 


21 


Q Do you recall discussing with him your views 


2 2 week, but I really don't know. I don't have a log in 


22 


about the documents that you had read? 
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1 A I imagine if I had received them and read 


1 


Q And do you recall by what time generally in 


2 them, we would have started a discussion about them. 


2 


January you had completed reading all of the materials 


3 Q But you don't remember? 


3 


the PTO sent you? 


4 A I don't remember specific details such as you 


4 


A Well, I would have to say certainly by the 


5 are asking. 


5 


end of January. 


6 Q Can you tell me generally what was said in 


6 


Q When did you see the first draft of your 


7 that conversation? 


7 


expert report? 


8 MR. WOOD: Objection as to form. 


8 


MR. WOOD: Objection as to form. 


9 THE WITNESS: Can I remember generally what 


9 


THE WITNESS: It would have been shortly 


1 was said in the telephone conversation in the first 


10 


after that. 


1 1 week of January? 


11 


BY MS. PFEIFFER: 


12 BY MS. PFEIFFER: 


12 


Q Shortly after the end of January? 


13 Q Well, or the second time you spoke with Ben 


13 


A If that's when I finished reading the 


14 in January specifically? 


14 


documents and the report was drafted, that's the time. 


15 A I can't recall specific questions. I can 


15 


You know, we are talking about a span of six weeks. 


1 6 only tell you that if I had documents and had read some 


16 


And in that six weeks, I received documents, I read 


1 7 documents, we would have discussed - started to 


17 


documents, I commented on documents. I received a 


1 8 discuss the content. 


18 


draft; I commented on the draft. I changed the draft. 


19 Q Okay. At some time you did begin to discuss 


19 


the draft was sent back, the draft was finaUzed, end 


2 the content of the expert report; is that right? 


20 


of story. 


21 A I beheve we would have, yes. 


21 


Q What comments did you give on the documents 


2 2 Q Do you recall when that occurred in January? 


22 


you reviewed? 
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1 A I can't give you a specific date and time. 


1 


A The documents or my draft of this report? 


2 Q I don't need a specific date. I just need a 


2 


Q The documents. You said that you commented 


3 general concept of whether it was the beginning. 


3 


on the documents. 


4 middle, or end of January? 


4 


A Well, the Schenk patent. 


5 A It was somewhere between the second of 


5 


Q What were the comments on the Schenk patent? 


6 January and the 3 1 st of January. And if you are asking 


6 


A I read them. I understood what they were 


7 me to state whether it was in the first week, second 


7 


about and discussed the nature of those two patents. 


8 week, third week, fourth week, I can't say. I know 


8 


Q Was there more than one Schenk patent that 


9 that it was one of the documents that I had to read. 


9 


you reviewed? 


1 And I may have started reading it immediately or I may 


10 


A No, there was only one Schenk patent. Are 


1 1 have started reading the others first. 


11 


there more? 


12 Q What document are you referring to? 


12 


Q I would just hke to focus on Schenk. You 


13 A The expert report from Dr. Crystal and then 


13 


said patents, plural. And so I was just clarifying 


1 4 the Schenk patent and the Velasquez patent. 


14 


that you had seen only one Schenk patent. 


15 Q And Harrison? 


15 


A Yeah, one Schenk patent and one Velasquez 


16 A And Harrison, uh-huh. 


16 


patent. 


17 Q So you don't remember when you received them; 


17 


Q Focusing on Schenk, what views did you form 


18 is that correct? 


18 


about Schenk that you communicated to the PTO? 


19 A Well, I received them in January. It would 


19 


A The Schenk patent describes a design - 


2 have been early in January. And given the time span to 


20 


designs for an inhaler that would deliver a powder. 


2 1 prepare and the other things that I do, I would have 


21 


Incorporated in the design was a means of dispensing 


2 2 had to start looking at documents early in the month. 


22 


the powder into a chamber. 
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1 Q Anything else that you remember about it? 


1 


Q For treatment of what? 


2 A Oh, you had four figures, each one describing 


2 


A I believe he had a list of possibilities . 


3 a slightly different means of operating the inhaler and 


3 


Some of them were for respiratory diseases. I think he 


4 slightly different design of his mixing chamber. 


4 


mentioned insulin, but maybe that's the other patent. 


5 Q Anything else about Schenk that you recall? 


5 


I think that's the other patent. 


6 A In his description of his designs? 


6 


Q You read Schenk? 


7 Q Anything that you recall? 


7 


A Uh-huh. 


8 A Well, he had a description of causing powder 


8 


Q And did it deal with treating anything that 


9 to flow into the chamber. 


9 


was not a respiratory disease? 


10 Q Do you recall how he did that? 


10 


MR. WOOD: Objection to form. 


11 A He had four design different ways. One was a 


11 


THE WITNESS: Schenk's patent dealt with a 


1 2 spring-loaded mechanism for pulling that initiated the 


12 


design of a powder inhaler to dispense powder that was 


1 3 process, I believe. Powder flowed from the reservoir 


13 


within a size range considered to be able to target the 


1 4 through a narrow orifice. It was accelerated because 


14 


lung. 


15 of that and into the mixing chamber. 


15 


BY MS. PFEIFFER: 


16 Q Anything else you remember about Schenk? 


16 


Q And what is that size range? 


17 A I believe he made a statement that the powder 


17 


A It would be less than seven microns of that 


1 8 was dispensed into a mixing chamber. The respirable 


18 


order - less than six microns. It depends on the time 


1 9 fraction was increased. I think that's what his words 


19 


of the information that was known at that time and 


2 were. 


20 


potentially his experimental work. 


21 Q What does that mean -- the respirable 


21 


Q What do you mean it depends on the time of 


2 2 fraction was increased? 


22 


information that was known at that time? 
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1 A It means a fraction of particles that are 


1 


A Well, as everything -- as information evolves 


2 useful for effective treatment were increased. 


2 


over time within a field of discipline, you have better 


3 Q What makes particles useful for effective 


3 


information, better technology for doing what you do. 


4 treatment? 


4 


And so at one time the respirable fraction, which is 


5 A They have to get into the lung is the first 


5 


where you are heading, was defined in one way. And 


6 requirement. 


6 


then over time and with understanding, that range 


7 Q Any particular place in the lungs? 


7 


changed. 


8 A Well, they have to get into a point in the 


8 


Q What do you consider to be the respirable 


9 lung where the receptors are for that particular drug 


9 


fraction in terms of size? 


1 category. 


10 


A Particles that are below five micrometers. 


11 Q Anything else that makes particles useful for 


11 


Q And that definition appears in a number of 


12 effective treatment? 


12 


your pubhshed articles, doesn't it? 


13 A Well, once they get into the lung, they have 


13 


A That's correct. 


14 to be able to reach the site of action, which is where 


14 


Q And in one of them, you said sometimes below 


1 5 the receptors lie. And if they are dmgs for treating 


15 


six microns, I beheve; is that correct? 


16 respiratory diseases, they do their job, so to speak. 


16 


MR. WOOD: Objection as to form. 


17 Q And was the Schenk device designed for 


17 


THE WITNESS: It is possible. Which paper 


1 8 delivering drugs to treat respiratory diseases? 


18 


are you referring to? 


19 MR. WOOD: Objection to form. 


19 


MS. PFEIFFER: Oh, wow. Now I have to find 


2 THE WITNESS: It was a device that used a 


20 


it. 


2 1 powder inhaler to deliver powders for treatment. 


21 


THE WITNESS: I could give you a test. 


2 2 BY MS. PFEIFFER: 


22 


MS. PFEIFFER: I ask the court reporter to 
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1 mark this as Exhibit 3. 


1 


A No. I think this is a general definition. 


2 (Dolovich Exhibit No. 3, marked for 


2 


Q You are aware of the meaning of respirable 


3 identification.) 


3 


fraction because that's a concept that you use in your 


4 BYMS.PFEIFFER: 


4 


own work; is that correct? 


5 Q You started looking at what the court 


5 


A That's correct. 


6 reporter has marked as Exhibit 3. If you would turn to 


6 


Q And you have used it for some time? 


7 page 601, the first full -- 


7 


A That's correct. 


8 A The first full paragraph? 


8 


Q We were talking about Schenk. And you said 


9 Q Right. And then the last sentence of that. 


9 


that the respirable fraction was increased. How did 


1 Would you mind reading that into the record? 


10 


Schenk increase the respirable fraction? 


11 A The fraction of the aerosol containing 


11 


A He - if I recah, I don't think he had a 


12 particles, less than five micrometers, sometimes 


12 


specific set of measurements in his patent. But he 


1 3 defined as less than six micrometers in diameter is 


13 


claimed that by decanting powder into the mixing 


1 4 termed the fine particle or respirable fraction (FPF), 


14 


chamber, his respirable fraction would be increased. 


1 5 and has been used more widely recently to describe the 


15 


Q And what's the result of increasing the 


1 6 quality of the aerosol and its potential for delivery 


16 


respirable fraction of the powder? 


17 to the lower respiratory tract. 


17 


MR. WOOD: Objection as to form. 


18 Q This article was published in Respiratory 


18 


THE WITNESS : What do you mean by result? 


1 9 Care in June of 2000; is that correct? 


19 


BYMS.PFEIFFER: 


2 A That's correct. 


20 


Q What happens? 


21 Q When did you author it? 


21 


A What happens? 


2 2 A It would have been in 2000. 


22 


Q What happens? 
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1 Q And was that a correct statement at the time 


1 


A You would have more particles within that 


2 of your publication? 


2 


size range. 


3 A I believe so. 


3 


MR. WOOD: Counsel, whenever you have a 


4 Q And is it a correct statement now? 


4 


chance, we have been going for about an hour. 


5 A I believe so. 


5 


MS.PFEIFFER: Okay. I would just like to 


6 Q What do you mean by lower respiratory tract 


6 


finish up this line. 


7 in this sentence that you read into the record? 


7 


MR. WOOD: Sure. 


8 A It would be anything below the main stem 


8 


BY MS. PFEIFFER: 


9 bronchi. 


9 


Q Okay. So in terms of -- we were talking 


10 Q I am sorry. 


10 


about Schenk. And I think the question I actually 


11 A Anything distal to the main stem bronchi. 


11 


asked — and this was good because I understand what 


12 Q Does that include the alveoli? 


12 


you think about Schenk. My focus was what was it that 


13 A Yes, it does. It can, uh-huh. 


13 


you told Ben about your views about Schenk? 


14 Q Do you know of any other definition of 


14 


A In terms of his design of a powder inhaler? 


1 5 respiratory fraction in the lung that you gave in 


15 


Q In terms of anything. You were -- we started 


1 6 Exhibit 3 that we have just discussed? 


16 


this by talking about what you discussed with the PTO. 


17 A The -I do. 


17 


And I would like to know what you expressed to the PTO 


18 Q And what is that? 


18 


as the — about Schenk — what you thought was relevant 


19 A At one time, the FDA used 5 . 8 as the upper 


19 


to your opinion? 


2 hmit. 


20 


A I thought that the design of his inhaler was 


21 Q Any other definitions of respirable fraction 


21 


clever and that he utilized principles that allowed a 


2 2 that you are aware of? 


22 


patient to inhale a slower-moving powder, which would 
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1 be good. 


1 


I -- why wouldn't he just use - 


2 Q Why is that good? 


2 


BY MS. PFEIFFER: 


3 A That is good because - have you ever taken 


3 


Q I don't understand. You thought it was 


4 drugs by inhalation? 


4 


clever that he accelerated the powder and then slowed 


5 Q I have. 


5 


it down. 


6 A Good. So you have an understanding of what's 


6 


A Well, it slows down by virtue of physics. 


7 involved, I beheve. Then - and that patients who may 


7 


Q Yes. But he constructed a device that would 


8 have difficulty inhaling at a certain flow rate in 


8 


cause that to happen? 


9 order to get their drugs out of the inhaler, they are 


9 


A Yep. 


1 best served by not necessarily inhaling rapidly but can 


10 


Q And my question is, why is that any clever 


1 1 deal with getting sufficient drug into the lung by 


11 


than simply sending the powder more slowly directly 


12 inhaling slowly. And that's one of the features of 


12 


into the patient's mouth in your view? I mean, I am 


13 this device. 


13 


asking you for your - 


14 Q Okay. What else about the device did you 


14 


A There are not many powder inhalers that are 


1 5 discuss with Ben or any of the other PTO lawyers? 


15 


designed to do that - the very thing that you are 


16 A That the device could produce an aerosol -- a 


16 


thinking is an alternative. 


1 7 powder aerosol. 


17 


Q And do you know why not? 


18 Q Anything else? 


18 


A It is not an easy thing to do. 


19 A I can't remember. 


19 


Q You also said that you discussed the 


2 Q What was it that you considered clever about 


20 


Velasquez patent with the PTO. What did you discuss 


2 1 the design? 


21 


about Velasquez? 


2 2 A That he used a restricted orifice to 


22 


A Again, the concepts. 
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1 accelerate his powder into a zero flow. 


1 


Q And what concepts? 


2 Q And if you want a slower flow coming into the 


2 


A That he had a means of providing a multiunit 


3 patients -- into the patient, what's clever about 


3 


dose capability for powder inhalers. 


4 accelerating the flow? 


4 


Q And Schenk did not do that? 


5 A That it was - I beheve at that time he used 


5 


A Schenk's device is a reservoir device. 


6 that concept where it wasn't used prior to that is my 


6 


Q What else did you discuss with the PTO about 


7 understanding. 


7 


Velasquez? 


8 Q What was useful about that concept? 


8 


A We discussed the discussion in the patent. 


9 MR. WOOD: Objection as to form. 


9 


the description that Velasquez had provided. 


10 THE WITNESS: I don't know if it was useful 


10 


Q What about that description in particular did 


11 in the sense that h was effective. But it was a use 


11 


you discuss? 


12 of a physics principle that allowed you to create a 


12 


A Well, Velasquez describes the effect of 


1 3 pressure drop across a tube that would accelerate the 


13 


dimple depth on powder release and the properties of 


1 4 powder through that restriction - that orifice - into 


14 


that powder. 


15 a larger chamber where it would then slow down. 


15 


Q And do you remember what he said about the 


16 BY MS. PFEIFFER: 


16 


effect of dimple depth, if I can say that, on powder 


17 Q But why would you want to accelerate the 


17 


release? 


18 powder and then slow it down? Why not just send it 


18 


MR. WOOD: Objection as to form. 


1 9 slowly through directly to the patient without a 


19 


THE WITNESS: Well, he describes how changing 


2 holding chamber? 


20 


the depth of those dimples provided quantity powder and 


21 MR. WOOD: Objection as to form. 


21 


the respirable part of that powder, if I recall 


2 2 THE WITNESS: Say that again. Why wouldn't 


22 


correcdy. I have not looked at that patent for a 
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1 couple of weeks now. 


1 


released and the quality of that powder in terms of ITS 


2 BYMS.PFEIFFER: 


2 


aerosol properties. And I believe he listed a number 


3 Q And what did you think was significant about 


3 


of drugs that it would work with, if I am not getting 


4 that aspect of Velasquez? 


4 


the two patents confused, and that the quantity of 


5 MR. WOOD: Objection as to form. 


5 


powder that would be placed in those dimples could 


6 THE WITNESS: The significance of the depth 


6 


vary. 


7 of the dimple? 


7 


Q Did you think that that was significant in 


8 BYMS.PFEIFFER: 


8 


relation to the question the PTO had asked you to opine 


9 Q Yes, and its relation to the resulting 


9 


on? 


1 powder. 


10 


MR. WOOD: Objection as to form. 


11 A I thought he was doing his homework in the 


11 


THE WITNESS: You are talking about Claim B, 


1 2 sense that he had measurements to show -- you know, 


12 


22B, or whatever we are talking about. 


1 3 that would be a question one would expect to be asked 


13 


BY MS. PFEIFFER: 


14 if you are going to provide a form that contains your 


14 


Q Whatever the question was that you were asked 


1 5 powder. Do you make it one micrometer in depth? Do 


15 


to opine on. Did you consider that aspect of Velasquez 


1 6 you make it 10 micrometers in depth? How much powder 


16 


to be relevant to it? 


1 7 can it get into that dimple? Do I get it all out when 


17 


A Uh-huh. 


18 it is used for delivering a drug? 


18 


MR. WOOD: Objection to form. 


19 So those are typical questions one would 


19 


BY MS. PFEIFFER: 


2 expect to have information for. 


20 


Q And in what respect did you consider it to be 


21 Q Did you express any views about what you 


21 


significant? 


2 2 thought the relevance of Velasquez was to the claims in 


22 


A Well, he was demonstrating that he had a 
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1 the patent that you had listed in paragraph nine that 


1 


means of dispensing powder - quantity of powder, that 


2 we discussed earlier? 


2 


the quantity of powder could be varied, and that the 


3 A I don't remember what I said in paragraph 


3 


quality of the powder could be in respirable range. 


4 nine. 


4 


Q What did Velasquez say about the respirable 


5 Q In paragraph nine -- you should look at it. 


5 


range? 


6 It is your opinion. It is in Exhibit 1. And I am 


6 


A He would have used the definition much like 


7 referring to the second sentence where you listed a 


7 


everybody else at that time. Less than seven, less 


8 number of claims. My question is, did you discuss with 


8 


than six, something in that order. 


9 the PTO your views about the relevance of Velasquez to 


9 


Q Well, less than seven - we were talking 


1 those claims? 


10 


about the fact that the definition was less than five 


11 MR. WOOD: Objection as to form. 


11 


or maybe six. Do you know of any other definitions of 


12 THE WITNESS: I can only assume that I did. 


12 


respirable fraction as being as high as seven, other 


13 BYMS.PFEIFFER: 


13 


than the reference that we just talked about in Schenk? 


14 Q Do you have any recollection of having done 


14 


MR. WOOD: Objection as to form. 


15 so? 


15 


THE WITNESS: Not that I am aware of 


16 A Yeah. 


16 


BYMS.PFEIFFER: 


17 Q Can you tell me generally what you expressed 


17 


Q Did you discuss Harrison with the PTO in your 


18 as your views? 


18 


call on January? 


19 A Well, as I have just said to you, that he 


19 


A I don't think I dwelled on Harrison in 


2 provided information about his design of a multiunit 


20 


January. 


2 1 dose, mechanism for containing powder, that he was 


21 


Q Did you dwell on Harrison at any time in your 


2 2 describing the parameters of how much powder would be 


22 


conversations with the PTO? 
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1 A Just very briefly. 


1 


patient - it can be a patient-specific approach. And 


2 Q What did you have to say about Harrison? 


2 


it is a careful and accepted way of treating a disease 


3 A Harrison, as you know, describes a method for 


3 


Uke asthma. 


4 treating diabetes that is the standard method - the 


4 


Q Have you had similar conversations with 


5 subcutaneous injections of insuhn and the units that 


5 


physicians who treat patients with diabetes? 


6 are used. And don't ask me what they are. But provide 


5 


A No, I haven't. 


7 a starting point if anybody is going to consider 


7 


Q Do you understand that treatment of diabetes 


8 dehvering insulin in an aUernative way. 


8 


is different from treating asthma? 


9 Q What do you mean by starting point? 


9 


A Yes, I do. 


10 A Well, when you treat somebody is my 


10 


Q And do you understand that there is a much 


11 understanding, you assess their disease. And you 


11 


narrower range of permissible dosage of insuhn than 


1 2 prescribe a dose that you feel or the physician 


12 


there is of typical asthma medicines? 


1 3 feels - and I don't treat patients - would be useful 


13 


A Yes. 


1 4 for effecting a positive outcome. 


14 


Q And do you understand that by administering 


15 Q And what's that understanding based on? 


15 


too much insuhn to the patient that the patient can 


16 A Starting dose? 


16 


die? 


17 Q Your understanding of how a physician goes 


17 


A Yes. 


1 8 about coming up with a possible dose. 


18 


Q And if you don't give them enough that they 


19 A Well, I'm not treating patients. But in my 


19 


can die? 


2 understanding, you assess the patient, you measure 


20 


A Uh-huh. 


2 1 certain chnical outcomes from experience. The 


21 


Q If you give a patient too much asthma 


2 2 physician would be able to interpret those outcomes and 


22 


medicine, are they hkely to die? 
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1 select a dose of a drug that would be effective. He 


1 


A I suppose that could be an outcome, but it is 


2 would select that dose -- he or she would select that 


2 


not as acute an outcome. 


3 dose. And I am assuming you give it a trial run. You 


3 


Q Are you aware of any treatment of asthma 


4 make more measurements. 


4 


that's resulted in the death of the patient because of 


5 If it is too low, you can have an opportunity 


5 


an overdose of asthma medicine? 


6 to increase it. If it is too high, then one could 


6 


A Maybe an underdose. 


7 assume there might be some clinical outcomes that would 


7 


Q And is that frequent? 


8 indicate that the dose is too high -- a side effect 


8 


A It depends on how good your physicians are in 


9 perhaps. And you titrate. In other words, you titrate 


9 


your area and whether that patient is seeking treatment 


1 the dose to maintain control of the disease for that 


10 


or not. 


1 1 particular patient. That is the format that is 


11 


Q But are you aware of that having happened 


1 2 followed extensively, for example, when treating 


12 


in - first, have you talked to any physicians who have 


1 3 asthma. 


13 


reported to you that they have had patients die from 


14 Q And how do you know that? 


14 


underdosing of asthma medicine? 


15 A I have had enough contact with physicians who 


15 


A I have not had specific conversations. 


1 6 treat asthma. I read some of that literature. 


16 


Q Have you had general conversations? 


17 Q And what have you learned from your contact 


17 


A No, I can't say that I have. 


1 8 with physicians who treat asthma? 


18 


Q Have you heard about it in the hterature? 


19 A What have I - 


19 


A I have an understanding on one level of the 


2 Q Learned from your contact with physicians who 


20 


role of effective treatment in asthma. 


2 1 treat asthma about that topic. 


21 


Q And that is? 


2 2 A That approach is a useful approach. It is a 


22 


A That you treat to control symptoms. 
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1 Q All right. Are you aware of any reports in 


1 


patient; simply not reproducible. If you don't know 


2 the literature of patients having died from being 


2 


how much the dose is when you give it, can you then 


3 underdosed with asthma medicine? 


3 


engage in the titration exercise that you have 


4 A I can't say that I have made it a point of 


4 


described? 


5 finding that literature. There could be case reports. 


5 


MR. WOOD: Objection as to form. 


6 Q But you are not aware of anything? 


6 


THE WITNESS: I would have to say not being a 


7 A No, I haven't looked. 


7 


physician that if you are going to prescribe a 


8 Q I am really just asking you what you are 


8 


treatment in a certain way, that you would - there 


9 aware of it right now as we sit here. 


9 


would be information to support the dispensing of that 


10 A So I am not aware of those. 


10 


dose from whatever. So if you draw up a certain volume 


11 MS.PFEIFFER: I think we can break now. I 


11 


of fluid into a syringe from the vial, you would be 


12 would just hke to make it very short because we do 


12 


relying, so to speak, on information from the syringe 


1 3 have a lot of time pressures to finish. 


13 


manufacturer that the line on the syringe was one ML 


14 THE WITNESS: Yeah. And I have plan to 


14 


and not 1.5 ML. 


15 catch. 


15 


For example, you know, you would not, I would 


16 MS.PFEIFFER: That's the time pressure to 


16 


think, prescribe a dose that a patient would need to be 


1 7 finish that I had in mind. 


17 


given without some confidence in knowing what your 


18 (A recess was held.) 


18 


dehvery system or your method of drawing up that 


19 BY MS. FFEIFFER: 


19 


dose. You would have that information. 


2 Q Ms. Dolovich, before we broke you had been 


20 


BY MS. FFEIFFER: 


2 1 explaining to me some of the aspects of the Schenk 


21 


Q If you are filling a syringe and we can trust 


2 2 device that you considered to be clever. And one of 


22 


the syringe manufacturer, the dose is reproducible. 
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1 them, I believe, was the decanting of the powder into 


1 


isn't it, each time? 


2 the mixing chamber; is that correct? 


2 


A You would expect it to be reproducible. 


3 A The means of doing that, yes. 


3 


Q You would just fill it to the same line every 


4 Q And what did you mean by decanting powder 


4 


time? 


5 into the mixing chamber? 


5 


A You would be filling a syringe to that line. 


6 A Moving the powder from the reservoir to the 


6 


Q And as long as the information on the syringe 


7 unit dose container and then through the orifice into 


7 


was accurate, you would be giving the same dose every 


8 the mixing chamber. 


8 


time? 


9 Q So that was the same point that you had 


9 


MR. WOOD: Objection as to form. 


1 described - the acceleration of the powder - and then 


10 


THE WITNESS: You would be drawing up the 


1 1 moving into the mixing chamber where it slowed down? 


11 


same dose every time. 


12 A The acceleration occurs at the orifice. 


12 


BY MS. FFEIFFER: 


13 Q Right. And was that part of the decanting 


13 


Q You would be drawing up the same dose. And 


1 4 that you found to be clever is my question? 


14 


that dose would be reproducible because you could drew 


15 A Yeah, I would say that. 


15 


it up to the same line on each syringe every time; is 


16 Q When you were talking about the idea of 


16 


that right? 


1 7 titrating a dose of medicine, is it possible to do that 


17 


MR. WOOD: Objection as to form. 


18 if the dose that you give is not reproducible? 


18 


THE WITNESS: You would have that 


19 MR. WOOD: Objection as to form. 


19 


expectation. You would have the expectation that 


2 THE WITNESS: Not reproducible from where? 


20 


whatever you were drawing from was also giving you the 


21 BY MS. FFEIFFER: 


21 


accurate concentration. 


2 2 Q By the administering physician or the 


22 


BY MS. FFEIFFER: 
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1 Q So in order to have a reproducible dose, you 


1 


MR. WOOD: Objection as to form. 


2 have to know both the amount of the drug and the 


2 


THE WITNESS: Harrison discusses a 1994, 1 


3 concentration of the drug. Is that what you are 


3 


think is the version that I was given, means of 


4 saying? 


4 


treating insulin by subcutaneous injection. 


5 A You would have to first know that your source 


5 


BY MS. PFEIFFER: 


6 was giving you a concentration that was stated on the 


6 


Q He doesn't discuss inhalable insulin, does 


7 label and that your means of decanting that dose was 


7 


he? 


8 accurate so that you got an accurate volume of whatever 


8 


A Nobody was using inhalable insuhn in 1994 in 


9 it is you were drawing up. 


9 


my understanding. So it would not be in there. 


10 Q So the answer to my question is yes? 


10 


Q Okay. 


11 A I would think so, yes. 


11 


A If I am forgetting, he might have mentioned 


12 Q In terms of going back to Harrison, the 


12 


it, but I don't beheve so. 


1 3 subcutaneous injection described in Harrison that you 


13 


Q You don't remember having read that in 


1 4 described before we broke, does that rely on the 


14 


Harrison, do you? 


1 5 process that you just described where you have a known 


15 


A Not in Harrison, no. 


1 6 quantity of drug and you are filling the syringe to a 


16 


Q All right. I return to Exhibit 1 , which is 


17 known level? 


17 


your expert statement? 


18 MR. WOOD: Objection to form. 


18 


A Uh-huh. 


19 THE WITNESS: Harrison, in my understanding 


19 


Q Looking at paragraph one - and I think we 


2 of those few pages, describes a method of treating 


20 


have covered this, but I just want to make sure I 


2 1 patients with diabetes using subcutaneous 


21 


didn't miss anything or if I misunderstand anything. 


2 2 administration. And he provides a couple of tables as 


22 


As of January 29, 1993, what medicines in aerosolized 


Page 87 




Page 8 9 


1 guidance for physicians. 


1 


form had you had experience with? 


2 BY MS. PFEIFFER: 


2 


A Drugs for treating asthma. 


3 Q And if you are treating something by 


3 


Q And those were all medicines that are 


4 subcutaneous injection, how are you delivering the 


4 


expected to be effective at receptor sites in the lung; 


5 drug? 


5 


is that correct? 


6 A Well, the patient is drawing up an aliquot of 


6 


A One would hope so, yes. 


7 insuhn into a syringe and injecting it. 


7 


Q That's their purpose, right? 


8 Q And so - 


8 


A Yes, it is the purpose. That is the outcome 


9 A The patient is filhng a pump or maybe these 


9 


that is desired, let's say. 


1 pumps are pre-filled and dispensing an aliquot from the 


10 


Q Right. And to the extent that the drugs have 


1 1 pump. 


11 


an effect outside the receptor sites, are those 


12 Q And that filling up, in the case of the 


12 


referred to as side effects? 


1 3 syringe, is reproducible in the same fashion that we 


13 


MR. WOOD: Objection as to form. 


1 4 talked about before. You fill it to a given line each 


14 


THE WITNESS: No. 


1 5 time? 


15 


BY MS. PFEIFFER: 


16 A One would expect so. 


16 


Q No? What's a side effect from an asthma 


17 Q And the same is true for a pump; is that 


17 


drug? 


18 right? 


18 


A A side effect from an asthma drug could be 


19 A I would expect so. I don't have firsthand 


19 


thin skinning, thinning of your skin. It could be 


2 knowledge of the pumps. 


20 


bruising. It could be tremors. 


21 Q Does Harrison tell you how you obtain a 


21 


Q And what causes the side effects? 


2 2 reproducible dose of inhalable insulin? 


22 


A Usually too much drug. 
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1 Q And it has that effect from its residence 


1 


Q Who asked you to respond to those two 


2 within the lung? 


2 


statements? 


3 A It goes -- yes, it starts out that way. You 


3 


A Well, in reading Dr. Crystal's report, he 


4 have to get the drug into the lung. And then from the 


4 


made those statements. I discussed those statements 


5 lung, it goes elsewhere. 


5 


with the Patent Office and felt it would be important 


6 Q So some of it may go outside the lung? 


6 


to comment on them. 


7 A That's what you mean by outside the receptor 


7 


Q Who thought it was important for you to 


8 site. 


8 


comment? 


9 Q Right? Is that right? 


9 


A I would have to say it was the Patent Office 


10 A Yes. I mean, the drug is absorbed and 


10 


and myself 


1 1 excreted. 


11 


Q Why did you think it was important for you to 


12 Q But it is not intended - when it is 


12 


comment on those statements? 


1 3 administered, it is intended to act in the lung; is 


13 


A Because the statements, I feel, are not 


1 4 that correct? 


14 


correct. 


15 A That is --yes. 


15 


Q So did you believe that it was important to 


16 Q And is it also intended to minimize the 


16 


comment on all of the statements that Dr. Crystal made 


1 7 amount that actually leaves the lung and enters the 


17 


that you believed were not correct? 


1 8 bloodstream? 


18 


A I think the important ones probably at this 


19 A What do you mean by is it intended to 


19 


point, I would have to say, are the ones that were 


2 minimize? 


20 


important to the argument. 


21 Q Is it the goal to have a minimum amount of 


21 


Q Which argument? 


2 2 whatever is breathed into the lung leave the lung by 


22 


A Or to this application and the reason we are 
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1 the bloodstream? 


1 


here today. 


2 MR. WOOD: Objection as to form. 


2 


Q Can you be more specific about what it was 


3 THE WITNESS: No. The intention is to give 


3 


important to in your view? 


4 the minimum amount of drugs to control symptoms. 


4 


MR. WOOD: Objection to form. 


5 BY MS. PFEIFFER: 


5 


THE WITNESS: What was what? 


6 Q And why do you want to give the minimum 


6 


BY MS. PFEIFFER: 


7 amount of dmgs to control the symptoms? 


7 


Q What the statements were important to you. 


8 A Because if you give more than you need, then 


8 


Can you be more specific about that? 


9 you could get side effects. 


9 


A Well, there are two of them here. And there 


10 Q Looking at paragraph 12 of your opinion, I am 


10 


are several - a couple of others in my expert report. 


1 1 just going to read it again so that the record - 


11 


Q So is it correct, then, that all of the 


1 2 someone reading the record will know what we are 


12 


statements in Dr. Crystal's report that you considered 


1 3 talking about. And it says, I have been asked to 


13 


to be both important and incorrect are addressed in 


1 4 respond to Dr. Crystal's statement in his report that 


14 


your opinion? 


1 5 quote, Schenk describes oral inhalers, which are used 


15 


A I think that was the intention. 


1 6 for inhaling powdered or particulate medical product 


16 


Q Are you aware that that intention was not 


1 7 into the bronchi, to treat diseases of the lung, such 


17 


fulfilled? 


18 as that, closed quote, and that Schenk's devices. 


18 


A I am not aware. But I would have to go back 


1 9 quote, are not designed to deliver medication to the 


19 


through his expert report again. 


2 alveoli to provide systemic treatment, closed quote. 


20 


Q Before you signed this report, did you reread 


21 Did I read that correctly? 


21 


his report and your report and determine that all of 


2 2 A Yes. 


22 


the important matters had been included? 
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1 A I believe so, yes. 


1 


opposed to treatment of asthma and at receptor sites in 


2 Q And sitting here today, you are not aware of 


2 


the lung? 


3 any important errors in Dr. Crystal's report which are 


3 


MR. WOOD: Objection as to form. 


4 not addressed in your opinion? 


4 


THE WITNESS : I think that the concepts in 


5 A I would have to say, yes, I am not aware. 


5 


Schenk don't preclude that. He mentions insuhn as a 


6 Q And, again, what is the statement that quote. 


6 


possible product to be used in his inhaler. And the 


7 Schenk describes oral inhalers, which are used for 


7 


property's powder released from his inhaler are such 


8 inhaling powdered or particulate medical product into 


8 


that they could be viewed as providing delivery to the 


9 the bronchi, to treat diseases of the lungs, such as 


9 


alveoh surface. 


1 asthma. 


10 


MS. PFEIFFER: Can we mark Schenk? 


1 1 Why is that statement important in your view? 


11 


(Dolovich Exhibit No. 4, marked for 


12 A I think that was the preamble to the second 


12 


identification.) 


1 3 half that Schenk's devices are not designed to deliver 


13 


BY MS. PFEIFFER: 


1 4 medication to the alveoli to provide systemic 


14 


Q I am showing you what has been marked as 


1 5 treatment. 


15 


Exhibit 4. First of all, can you find for me where it 


16 Q So the first statement you don't consider to 


16 


is that Schenk mentions insulin as a drug that can be 


17 be an important statement? 


17 


dehvered using his claim device. 


18 MR. WOOD: Objection to form. 


18 


A I don't see where he mentioned specifically 


19 THE WITNESS: It described his patent. 


19 


insuhn is what you asked me to -- 


2 BY MS. PFEIFFER: 


20 


Q It is, yeah. 


21 Q And do you think it is an accurate 


21 


A Uh-huh. 


2 2 description of his patent? 


22 


Q Also, you also talked about the properties of 
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1 A Yes. 


1 


the powder from Schenk. What are the factors that 


2 Q Okay. So the focus is really on this second 


2 


affect particle size? 


3 quoted part? 


3 


A Of a powder? 


4 A Uh-huh. 


4 


Q Yes. 


5 Q That Schenk's device are not designed to 


5 


A How finely it is milled is one thing; what 


6 deliver medicine to the alveoli to provide systemic 


6 


the charge properties are; the dispensing device; the 


7 treatment; is that correct? 


7 


flow rate used to decant the powder from the device. 


8 MR. WOOD: Objection as to form. 


8 


Those are a few things. 


9 THE WITNESS: Yes, the way he has phrased it. 


9 


Q What about the shape of the particle? 


10 BY MS. PFEIFFER: 


10 


A Shape could influence size. By shape do you 


11 Q And what about its - do you think that's not 


11 


mean the surface characteristics -- physical 


12 a correct statement? 


12 


characteristics? 


13 A That's what I felt, yes. 


13 


Q I believe in one of your articles you were 


14 Q Can you show me where in Schenk he describes 


14 


talking about a needlelike - 


1 5 his device as designed to deliver medication to the 


15 


A Uh-huh. 


1 6 alveoli to provide systemic treatment? 


16 


Q - particle; is that right? 


17 A I don't believe Schenk uses those words in 


17 


A Yeah. 


18 his patent. Those are Dr. Crystal's words. 


18 


Q And whether they are round or what shape they 


19 Q I understand these particular ones. But I am 


19 


have? 


2 asking ask you if you can show me where Schenk 


20 


A Yeah, density. 


2 1 indicates that his device was designed to deliver 


21 


Q Are there other properties? What about 


2 2 medication to the alveoli for systemic treatment as 


22 


hydrophilicity or phobicity? Is that a factor? 
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1 A That could affect how it is handled. 


1 


THE WITNESS: That's in paragraph 12, yes. 


2 Q Do you know what the properties of insulin 


2 


BY MS. PFEIFFER: 


3 are? 


3 


Q Do you believe there is a difference between 


4 A I know some of them. 


4 


not being designed and not being suitable? 


5 Q What are the ones you know? 


5 


A I think in this context, no. 


6 A I know the molecular weight of insuhn. 


6 


Q You don't think it makes any difference 


7 Q Does that affect particle size? 


7 


whether a device might incidentally or sometimes be 


8 A It affects the number of molecules that are 


8 


able to provide something to the alveoli and whether a 


9 potentially available within a particle. 


9 


device was designed to accomplish delivery to the 


10 Q And is the molecular weight of insuhn lower 


10 


alveoh? 


1 1 than asthma drugs - the molecular weight of asthma 


11 


A Well, that's - 


12 drugs? 


12 


MR. WOOD: Can I have the question read back. 


13 A I don't beheve so. 


13 


please? 


14 Q Is it higher? 


14 


(The record was read back as follows: 


15 A It is higher, uh-huh. 


15 


"Q: You don't think it makes any difference 


16 Q What other properties? 


16 


whether a device might incidentally or 


17 A There is the density, the charge on the 


17 


sometimes be able to provide something to 


1 8 particles, the degree to which it is milled. 


18 


the alveoli and whether a device was 


19 Q All right. Do you beheve that if you put 


19 


designed to accomplish delivery to the 


2 insulin into Schenk it would produce powder having the 


20 


alveoli?") 


2 1 same particle range as asthma medicine put into Schenk? 


21 


MR. WOOD: Object as to form. 


2 2 MR. WOOD: Objection as to form. 


22 


THE WITNESS : So what would you hke me to 
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1 THE WITNESS: It is possible. 


1 


answer? 


2 BY MS. PFEIFFER: 


2 


BY MS. PFEIFFER: 


3 Q Do you know whether that would happen as a 


3 


Q Whether the answer is. 


4 resuh? 


4 


A No, your question is a long question. You 


5 A The Schenk patent was filed in 1990. I have 


5 


essentially are asking me to - 


6 had no hands-on experience with this prototype 


6 


Q I'm asking whether there is a difference 


7 inhaler. So I, myself, have not used it as a test 


7 


between the two - 


8 inhaler for insuhn. 


8 


A Differentiate between purpose built inhaler? 


9 Q Okay. So the answer to my question is no? 


9 


Q Yes. 


10 A No -- yes, it is. My answer would be no. 


10 


A Versus one that is a generic inhaler - 


1 1 but, yes, to your question. 


11 


generic in the sense that one could put in different 


12 Q Okay. Can we go to paragraph 13. In the 


12 


types of powders and expect to get powder out? 


1 3 first sentence -- again, I am just going to read this 


13 


Q No, I don't think that's what I am asking. I 


1 4 into the record so it will be easier to follow. Quote, 


14 


am asking whether - let me take it back a couple of 


15 I disagree that the Schenk devices would not be 


15 


steps. When you are treating asthma, where are the 


1 6 suitable for dehvering medication to the alveoh to 


16 


receptors that you are targeting in the lung? 


1 7 provide systemic treatment. Is that correct? 


17 


A They are throughout the lung. 


18 A Uh-huh. 


18 


Q Tell me where. 


19 Q Dr. Crystal doesn't say that the Schenk 


19 


A Well, there are receptors in the large 


2 devices were not suitable but that they were not 


20 


airways. 


2 1 designed to dehver. Isn't that correct? 


21 


Q And what did you mean by large airways? 


2 2 MR. WOOD: Objection as to form. 


22 


A The large airways are the first airways that 
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1 are encountered. 


1 


Q If you don't know where the receptor sites 


2 Q And do they have a name? 


2 


are, how can you have any certainty that the drug that 


3 A They have the name stem bronchi. 


3 


you are following is distributed and deposited in the 


4 Q Okay. 


4 


places where it is useful therapeutically? 


5 A And then you go from there through 23 


5 


A There are clinical outcome measures that one 


6 generations of airway. Each of those generations have 


6 


can obtain to say that your drug is effecting a 


7 a designation. They get smaller. They get more 


7 


response. When you image the lung, you are not dealing 


8 numerous. They all lead to the alveolar surface. 


8 


with a tool that has the resolution to be able to say I 


9 Q Are there receptors for asthma medicines 


9 


am in generations 10 versus generations 21. So that 


1 located in the alveoli? 


10 


you take your imaging data and you define regions over 


11 A I think they would be on the airway. 


11 


the lung, as I have done and as you have read, that are 


12 Q So they would be in the bronchioles, so to 


12 


weighted towards the peripheral areas of the lung 


13 speak? 


13 


versus the central areas of the lung. 


14 A Yes, bronchioles. 


14 


Q And the reason that you have done that work 


15 Q But not in the alveoli? 


15 


is what? 


16 A I don't believe so. 


16 


A To be able to look at the distribution of a 


17 Q Are you aware of any - do you know of any 


17 


drug within the lung in patients versus normal healthy 


1 8 receptors for asthma medicine that are located in the 


18 


volunteers to see if there is a difference, to see if 


19 alveoh? 


19 


there is a difference in disease, and difference 


2 A I do not know. But that's not to say that 


20 


between severities of disease. 


2 1 there aren't. I am just not aware of that literature. 


21 


Q And so it is not - you don't really care 


2 2 Q You have spent a lot of your hfe dealing 


22 


where it ends up in the lung, then. You don't care 
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1 with inhalation of asthma medicines for treatment of 


1 


whether the delivery device is capable of dehvering 


2 asthma; is that right? 


2 


the asthma drug to the appropriate receptor sites? 


3 A I have spent my career looking at drug 


3 


MR. WOOD: Objection. 


4 deUvery devices, assessing their properties in vitro. 


4 


BYMS.PFEIFFER: 


5 using those devices with a radio tracer, and imaging 


5 


Q Is that what you are saying? 


6 the distribution of the radioactive material in the 


6 


A No, I am not saying that at all. 


7 lung. 


7 


MR. WOOD: Wait until I finish. It will just 


8 Q And what's the purpose for that work? 


8 


make the record clear. 


9 A The purpose for that work is to assess the 


9 


BYMS.PFEIFFER: 


1 efficiency of the devices for providing a useful 


10 


Q Can you tell from the data that you get back 


1 1 product, useful therapeutic aerosol; for assessing the 


11 


where the receptor sites are? 


12 distribution and deposition within the lung of that 


12 


A Not specifically, no. 


13 aerosol; and, in some cases, look at the chnical 


13 


Q Can you tell where the drug is at the 


14 response outcomes to that aerosol. 


14 


receptor sites? 


15 Q Okay. So what makes an aerosol a useful 


15 


A No, you cannot. 


1 6 therapeutic aerosol in terms of treating asthma? 


16 


Q We started these questions by my asking about 


17 A One, it gets into the lung. It gets into the 


17 


the difference between a device that's designed to 


1 8 lung in sufficient quantity and is distributed to the 


18 


deliver medication to the alveoh and a device that's 


19 site where the receptors might be. 


19 


designed to deliver asthma medicine for treatment to 


2 Q So it is important to you in doing your work 


20 


receptor sites in the lung. And you agree that Schenk 


21 to know where the receptor sites are; is that correct? 


21 


is designed for the latter; is that correct? 


2 2 A It is useful for me to know that, yes. 


22 


MR. WOOD: Objection as to form. 
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1 THE WITNESS: Schenk designed a powder 


1 


Q Does gas exchange take place in the alveolar 


2 inhaler that produces powder that is expected, given 


2 


structures that you defined? 


3 its properties, to be inhaled and deposited within the 


3 


A Yes. 


4 lung. 


4 


Q And how long has that been known? 


5 BYMS.PFEIFFER: 


5 


MR. WOOD: Objection as to form. 


6 Q And for treatment of asthma; is that right? 


6 


THE WITNESS: As long as, I guess, throughout 


7 A He doesn't specify. 


7 


the ages, history of medicine. I would have to go into 


8 Q The second sentence of paragraph 13 says. 


8 


a history of medicine book to find out if it was 


9 First, any device that is designed to treat asthma 


9 


Lepartier or Quepartier or somebody else, Harvey, who 


1 necessarily is designed to deliver medication to the 


10 


made that observation. 


1 1 peripheral areas of the lung, since to be effective. 


11 


BYMS.PFEIFFER: 


1 2 asthma medication must reach both the central airways 


12 


Q Who determined that the - what do you call 


1 3 and the peripheral airways. 


13 


the alveoh structure beginning from 20 to 23 that gas 


1 4 Did I read that correct? 


14 


exchange takes place in those structures? 


15 A Yes, you read that correctly. 


15 


A I didn't say gas exchange takes place in 


16 Q What do you mean by peripheral airways of the 


16 


generations 20 to 23. I said the alveoli start to 


17 lung? 


17 


appear. 


18 A Airways that are distal to the large airways. 


18 


Q My question was whether gas exchange took 


19 Q Do you include in that the alveoh? 


19 


place in those alveolar structures that appear in 20 


2 A No. By definition, airways are different 


20 


through 23? 


2 1 from alveoh. 


21 


A I would say that, possibly. Certainly gas 


2 2 Q Okay. So any time you use airways, you are 


22 


exchange take place at the alveolar surface where there 
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1 not talking about alveoli ; is that correct? 


1 


are no airways. 


2 A That is correct on one level. There are 


2 


Q And I am asking whether it takes place in 


3 airways that contain alveoli leading into the alveoli 


3 


what you call the alveolar structures that occur before 


4 surface. Development begins proximal to the alveoli 


4 


the alveoli - 


5 surface. 


5 


A It is possible. 


6 Q You are going to have to explain that to me. 


6 


Q But you don't know? 


7 I didn't understand it. 


7 


A I would not say specifically. 


8 A The development of the lung - the lung 


8 


Q Do you know? 


9 consists of a branching system of airways. There are 


9 


A No. 


10 23 generations leading from your trachea out to the 


10 


Q Okay. Looking at this, you say. To be 


1 1 alveoli surface area - 23. At the alveoh surface. 


11 


effecfive, asthma medication must reach both the 


1 2 you are into what is called the gas-exchanging region 


12 


central airways and the peripheral airways. And, 


13 of the lung. 


13 


again, we are talking about, not the alveoh, but the 


1 4 Before that, in the few generations of 


14 


central and peripheral airways, as you have just 


1 5 airways - I would say 20, 21, 22, 23 - the alveoh 


15 


defined; is that correct? 


16 are starting to appear. They are not fully - those 


16 


A Uh-huh. 


1 7 airways are not only airway surface, but they do 


17 


Q So this sentence does not mean that any 


1 8 contain several alveolar structures. And then as you 


18 


device that's designed to treat asthma necessarily is a 


1 9 proceed - let's say that starts at generation 20 - 


19 


design to deliver medication to the alveoli; is that 


2 19, 20. As you proceed through the generations, more 


20 


correct? 


2 1 and more of those alveoli appear. And then you are out 


21 


A No. I said that to be effective, asthma 


2 2 into the full gas -exchanging region of the lung. 


22 


medication must reach both the central and peripheral 
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1 airways. 


1 


peripheral airway surface? 


2 Q Yes. But it doesn't have to reach the 


2 


MR. WOOD: Objection as to form. 


3 alveoli to be effective; is that correct? 


3 


THE WITNESS: Well, there are a number of 


4 A It doesn't have to reach the gas-exchanging 


4 


asthma medications, but we are moving beyond that. You 


5 region of the lung to be effective. 


5 


are asking me other types of diseases that may be 


6 Q And the gas-exchanging region of the lung is 


6 


treated by deposition of a product on a peripheral 


7 the alveoU, right? 


7 


airway? 


8 A The alveolar surface. So we are talking 


8 


BYMS.PFEIFFER: 


9 about that portion of the lung that allows you to 


9 


Q I guess in the first instance I am asking you 


1 breathe. 


10 


whether when you wrote this sentence you intended it to 


11 Q Well, so is there a difference, then, between 


11 


apply to anything other than asthma medication? 


12 alveoU, as that term is used, and alveolar surface as 


12 


A Well, given the previous sentence, I 


13 you just used it? 


13 


mentioned asthma medications. And then I say, "once 


14 A The alveolar portion of the lung, which I 


14 


medication reaches." So it is really a continuation of 


1 5 have said alveolar surface, represents a large surface 


15 


that thought process. 


1 6 for gas exchange and for uptake of dmgs into the 


16 


Q Well, what medications, other than asthma 


1 7 blood - one surface for uptake of drugs into the 


17 


medications, did you have in mind in writing that 


18 blood. 


18 


sentence? 


19 Q But my question was, are you making a 


19 


A Well, there are medications that could be 


2 distinction between alveoli and the alveolar surface? 


20 


absorbed from the peripheral airways that treat alpha- 1 


21 A Not really. 


21 


antitrypsin, treat systemic sclerosis. 


2 2 Q Okay. So I can use alveoU, and we will 


22 


Q I am sorry. I couldn't understand the last 
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1 understand that it means the same thing as the alveolar 


1 


word. 


2 surface? 


2 


A Systemic sclerosis. 


3 A I suppose so. 


3 


Q Did you have any other medications in mind? 


4 Q The terminology is common as we move forward? 


4 


A At the moment I don't. 


5 A Okay. Well, let's just assume it is the 


5 


Q Okay. And how do you know that alpha- 1 


6 same, uh-huh. 


6 


antitrypsin can affect treatment by deposition on the 


7 Q Now, the next sentence of paragraph 13 says. 


7 


peripheral airway surfaces? 


8 Once medication reaches the peripheral airways, it may 


8 


A Well, there has been a number of 


9 be deposited on peripheral airway surfaces and effect 


9 


investigations looking at that drug. As you know. 


1 treatment. 


10 


Dr. Crystal was involved in a number of them. And, 


1 1 Have I read that correctly? 


11 


again, the theory was to get an aerosol that is fine 


12 A Yes, you have, uh-huh. 


12 


enough to be able to be deposited in the peripheral 


13 Q What may it affect treatment of? 


13 


airways of the lung potentially in the alveoli. But as 


14 A Well, if we are talking about an asthma 


14 


I have not followed that literature extensively, then I 


1 5 medication, it can cause a further bronchodilation of 


15 


don't know what the philosophy is today. 


1 6 the airway allowing you to breathe more normally. You 


16 


Q So is it correct, then, that you don't know 


1 7 would be able to measure that with a clinical tool. 


17 


whether the alpha- 1 antitrypsin was able to affect 


18 Q So in the case of an asthma medication, it 


18 


treatment as reported in these studies because it was 


1 9 would affect treatment of asthma; is that correct? 


19 


deposited in the peripheral airways or because as 


2 A Uh-huh. 


20 


opposed to its being deposited in the alveoli? 


21 Q What other treatments do you know of that are 


21 


MR. WOOD: Objection as to form. 


2 2 affected by the deposition of a medication on a 


22 


THE WITNESS: I have not followed that 
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1 literature. 


1 


Q Let's focus on systemic sclerosis. 


2 BYMS.PFEIFFER: 


2 


A So if your disease is a systemic disease. 


3 Q So the answer is no? 


3 


which that is, then you would not anticipate receptors 


4 A The answer is no. 


4 


for that drug in the lung. You would want to use the 


5 Q What about systemic -- treatment of systemic 


5 


lung as part of your dehvery system to get the drug 


6 sclerosis? What drugs are used for that? 


6 


into the systemic circulation, thereby treating the 


7 A Ilaprost. 


7 


disease from that side. 


8 Q I'm sorry? 


8 


Q And as the drug stops in the peripheral 


9 A Ilaprost. 


9 


airways, how can it be dehvered to the blood? 


10 Q And how do you know that Ilaprost can be used 


10 


A Why are you saying does it stop there? 


11 to effect treatment of systemic sclerosis because it is 


11 


Q Because I want to focus on what you wrote. 


1 2 deposited in the peripheral airway surfaces? 


12 


which was that deposition in the peripheral airway 


13 A There is some hterature that says that we - 


13 


surfaces is sufficient to affect treatment. And we are 


1 4 that it is useful to get that drug into the peripheral 


14 


talking about systemic treatment, so I want to stop at 


1 5 part of the lung where the surface for absorption is 


15 


that point. 


1 6 high. And so you get it into the systemic circulation. 


16 


A Now we are talking about asthma medication. 


17 Q Again, does that hterature distinguish 


17 


Q Okay. So you were not suggesting that 


1 8 between deposition and the peripheral airways and 


18 


deposition on the peripheral airways alone would be 


1 9 deposition in the alveoli? 


19 


able to affect systemic treatment; is that right? 


2 A I don't know whether it has been measured as 


20 


MR. WOOD: Objection as to form. 


2 1 much - 


21 


THE WITNESS: No. The concept is that you 


2 2 Q So you don't know whether - 


22 


are dehvering a drug to an airway surface where the 
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1 A -- using imaging to be able to make that 


1 


likehhood of, in some cases, targeting the receptor 


2 statement. 


2 


are high or you are targeting a large airway surface 


3 Q So the answer is, you don't know whether it 


3 


that allows your drug to be taken up into the 


4 is effective because it reaches the peripheral airways; 


4 


circulation. 


5 is that correct? 


5 


BYMS.PFEIFFER: 


6 A No. The peripheral airway surface is huge. 


6 


Q So how do the peripheral airway surfaces 


7 And it is not as great as the alveolar surface. So 


7 


perform uptake of a drug into the system? 


8 your surface for absorbing drugs into the systemic 


8 


A Well, there are two ways. You can go through 


9 circulation for treatment of whatever disease is being 


9 


the cells of the airway or you can go between the cehs 


1 assessed is better achieved by getting drugs into the 


10 


of the airway. 


1 1 systemic circulation and that your opportunity for 


11 


Q And are there studies that show that 


1 2 doing that is greater if you target the peripheral 


12 


occurring - 


1 3 airway. 


13 


A Yes. 


14 Q Is it greater if you target the peripheral 


14 


Q - that you are familiar with? 


1 5 airway as opposed to targeting the alveoh? 


15 


A There is hterature. 


16 A I don't know if one can make that statement. 


16 


Q Have you ever done any work in that area 


1 7 And I don't think anybody has distinguished between 


17 


yourself? 


1 8 those two. 


18 


A No, I haven't. 


19 Q If a drug is deposited in the peripheral 


19 


Q The next sentence says. Remaining particles 


2 airway surfaces and there is no receptor site there. 


20 


suspended in the airstream can be carried further into 


2 1 how can the dmg be effective in providing treatment? 


21 


the lungs, including to the alveoli. 


2 2 A It depends what disease you are treating. 


22 


What remaining particles did you have in 
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1 mind? 


1 


A Percentage? 


2 A When you have an aerosol, you are deahng 


2 


Q Or any other measure. 


3 with a range of particle sizes within that aerosol. 


3 


A It depends on your aerosol. 


4 And as we have learned from all of these documents, 


4 


Q You are aware of studies about how much of 


5 there is a definition of respirable aerosol. So 


5 


aerosol that is emitted from an inhaler even gets to 


6 respirable aerosol contains — it contains a range of 


6 


the orolarynx, right, or below the larynx, let's say? 


7 particles of varying sizes. The lung, by nature of its 


7 


A Uh-huh. 


8 design, it acts as a filter. And large particles are 


8 


Q And what percentage is that? 


9 filtered out in the larger airways. And as you 


9 


MR. WOOD: Objection as to form. 


1 breathe, your -- as your breath travels through the 


10 


THE WITNESS: Again, it depends on your 


1 1 lung, particles reign out depending on their properties 


11 


inhaler -- inhaler design. In general, the maximum 


12 in different parts of the lung . 


12 


percentage of the dose that passes the lips and gets 


1 3 There are particles that reach the last 


13 


into the lung has been measured at 57 percent. 


1 4 remaining generations of airway that remain suspended 


14 


BY MS. PFEIFFER: 


15 in the airstream. And you have occurring at that 


15 


Q And where in the lung does that get to that 


1 6 point for those particles - and they have to be quite 


16 


much? 


1 7 small. They are then diffused. They are moved into 


17 


A It gets below the larynx past the main stem 


1 8 the residual air of your lung by diffusion and they 


18 


bronchi into the lung. That is a total deposition 


1 9 remain there. And from there, they can hit a surface, 


19 


result. 


2 land, get caught up in material hning that surface. 


20 


Q In the sentence when you say "it can be," 


2 1 And the process of taking them across into the 


21 


does that mean that it is? 


2 2 bloodstream begins. 


22 


A Where are you reading? 
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1 Q How small do the particles have to be? 


1 


Q The sentence that says, "can be carried." 


2 A They can be anywhere from three microns to 


2 


A If it gets at that point in the breath 


3 point 003. 


3 


pattern where there is an opportunity for those fine 


4 Q If they are one micron or less, don't they 


4 


particles to be pulled into the residual air into the 


5 behave just hke a gas? 


5 


alveoh bodies, then one can say it can be, uh-huh. 


6 A They behave -- they are gas-hke. 


6 


Q Is there any way that you know to predict 


7 Q So why aren't they expelled when you exhale? 


7 


whether any of the remaining particles suspended in the 


8 A Because they are not a gas. They are 


8 


airways will be carried further into the lungs. 


9 gas-hke. 


9 


including the alveoh? 


10 Q And in order for this process that you 


10 


A If you have characterized your aerosol and 


1 1 described to happen, those particles cannot have 


11 


know the numbers of particles at that low end, one 


1 2 deposited anywhere else in the lung; is that correct? 


12 


could make some predictions as to the likelihood of 


13 A That's correct. 


13 


your aerosol being delivered to the deep lung. 


14 Q Because if they were deposited, they would 


14 


Q How would you do that? 


1 5 end up getting cleaned out by the movements of air? 


15 


A How would I do what? 


16 MR. WOOD: Objection as to form. 


16 


Q Make such a calculation. 


17 THE WITNESS: That's one of the processes. 


17 


A You can measure the properties of your 


1 8 yes. 


18 


aerosol using certain equipment. 


19 BY MS. PFEIFFER: 


19 


Q And what do you measure besides the particle 


2 Q But in any event, they would not end up in -- 


20 


size? 


21 do you know how many of those remaining particles. 


21 


A You can assay the portion of it containing 


2 2 then, could get carried to the alveoh? 


22 


the drug. But, typically, you measure the particle 
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1 size and the distribution of those sizes within an 


1 


BY MS. PFEIFFER: 


2 aerosol. 


2 


Q How do you interpret it? 


3 Q Is it tme that particles containing drugs 


3 


A A larger droplet or powder particle has a 


4 tend to be larger than other particles? 


4 


larger volume. You apply these standard equations to 


5 MR. WOOD: Objection as to form. 


5 


calculate volume, which is four thirds high RQ. Then a 


6 THE WITNESS: Not necessarily. 


6 


larger droplet, which is a liquid droplet of a 


7 BY MS. PFEIFFER: 


7 


solution, would contain more drug than a smaller 


8 Q Have you ever written anything to that 


8 


droplet. 


9 effect? 


9 


Q So this statement, then, wouldn't be true if 


10 A That what? That particles of dmg are larger 


10 


it were powder instead of a liquid aerosol? 


1 1 than other particles? 


11 


A No. If it was powder, you would do the 


12 Q Yes, that they tend to be larger. 


12 


translation from the powder diameter - diameter of the 


13 A I don't believe so. If you could point me to 


13 


particle powder - and make the same calculation. 


14 a statement, then I would have to read it. 


14 


Q So if we were talking about powder, is it 


15 MS. PFEIFFER: We will do that right after 


15 


correct that more of the drug is in larger particles of 


1 6 lunch. So I think we should break now, and we will 


16 


the powder than is in smaller particles of the powder? 


1 7 back in half an hour. 


17 


A This would be true. 


18 (A lunch recess was held.) 


18 


Q Okay. Could I ask you to look at the first 


1 9 MS. PFEIFFER: Ms. Dolovich, I would like to 


19 


page, the first paragraph? 


2 show you an article that I am going to ask the court 


20 


A Uh-huh. 


21 reporter to mark as Exhibit 5. 


21 


Q And there are several advantages to using 


2 2 (Dolovich Exhibit No. 5 , marked for 


22 


aerosols compared to other forms of therapy. Aerosols 
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1 identification.) 


1 


are relatively easy to administer, are effective in 


2 BY MS. PFEIFFER: 


2 


much lower doses than required for oral or systemic 


3 Q This is an article that you wrote and that 


3 


administration, and the response for EG, 


4 was published, I believe, in 1989; is that correct? 


4 


bronchodilators can be rapid. In addition, systemic 


5 A That's correct, uh-huh. 


5 


absorption may be minimal, thus fielding few side 


6 Q And I would like to direct your attention to 


6 


effects. 


7 page 172, the last sentence on that page that carries 


7 


Did I read that correctly? 


8 over to page 173. 


8 


A You read that correctly. 


9 A Uh-huh. 


9 


Q So in 1989, then, was it your understanding 


10 Q I am going to, again, for the record, read 


10 


that asthma dmgs administered by inhalation had little 


1 1 it. Because of their volume, larger particles 


11 


systemic absorption of the drug? 


1 2 contribute more to the mass of an aerosol and, hence. 


12 


A I said may be minimal. 


1 3 the bulk of the drug administered as an aerosol will be 


13 


Q What do you mean by may be? 


1 4 contained in the larger droplets. 


14 


A Well, it could be minimal or it could not be 


15 Did I read that correctly? 


15 


minimal. 


16 A You read it correctly, uh-huh. 


16 


Q So you didn't mean to convey any information 


17 Q Does that refresh your recollection that you 


17 


one way or the other about that particular phenomenon? 


1 8 stated in at least one of your writings that dmgs are 


18 


MR. WOOD: Objection as to form. 


19 in larger particles rather than in small particles? 


19 


THE WITNESS: No. Just that it may be 


2 MR. WOOD: Objection as to form. 


20 


minimal. 


21 THE WITNESS: I wouldn't have interpreted it 


21 


BY MS. PFEIFFER: 


2 2 that way. 


22 


Q Well, you aren't saying it is positively 
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1 minimal. But what was the point of adding that 

2 sentence if you didn't wish to suggest to the reader 

3 that systemic absorption may be minimal, that is, that 

4 some proportion of that will be minimal? 

5 MR. WOOD: Objection as to form. 

6 BYMS.PFEIFFER: 

7 Q Okay. Strike that. What did you mean to 

8 convey to the reader by that sentence? 

9 A I was saying that when you administer an 

1 aerosol of a drug that is typically given as an oral 

1 1 formulation, an oral administration, that you require 

1 2 less lower doses as an aerosol than as another form of 

1 3 drug and that the absorption may be minimal. And if it 

14 is minimal, side effects are less because of that. If 

1 5 the absorption is high, then it is possible you would 

1 6 get more side effects. 

17 Q So you didn't mean to suggest to the reader 

1 8 that a benefit of aerosol therapy was minimal systemic 

1 9 absorption? 

2 MR. WOOD: Objection as to form. 

21 THE WITNESS: I think the implication could 

2 2 be viewed — I mean, it could be viewed in that way. 



Page 12£ 

aerosol. The absorption profile may be minimal, more 
minimal than from an oral form and, therefore, your 
side effect profile would be different. You wouldn't 
be — I wouldn't be saying specifically systemic 
absorption is minimal; therefore, side effects are 
fewer. If you are trying to understand how side 
effects possibly can arise, you would know that they 
are dose related. And the less you give, the less you 
would anticipate a side effect occurring to the same 
degree as the higher dosage form. 

Q When you are administering medication by 
aerosol, does a larger dose given mean that a larger 
dose will be absorbed? 

A It could. That could follow, uh-huh. 

Q Does it follow? 

A In terms of quantity, if you give one unit of 
your drug, for example, 100 micrograms of Albuterol for 
treating asthma, you would get a certain percentage of 
that being absorbed. If you gave 200, you would expect 
the dose response curve to increase and reflect the 
increase in dose given. 

Q What do you mean by absorbed in the example 
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1 The fact that the use of aerosol medications at that 

2 time leading up to that time was not as widespread as 

3 it has become and that one could anticipate because of 

4 the advantage of delivering a lower dose as an aerosol 

5 would be that the side effects would be fewer. The 

6 scale, I guess, of the side effect profile could be 

7 less. 

8 BY MS. PFEIFFER: 

9 Q But this sentence doesn't refer to the lower 

1 dose, does it? It says. Systemic absorption may be 

1 1 minimal. 

12 A It says, effective in much lower doses. 

13 Q That's in one sentence. And the next 

14 sentence says, "In addition," that is, something that 

1 5 wasn't dealt with in the preceding sentence, "is that 

1 6 systemic absorption might be minimal. " So that's 

1 7 separate from the size of the dose, isn't it? 

18 MR. WOOD: Objection as to form. 

1 9 THE WITNESS : It is a sentence that continues 
2 on. And if you were reading this as someone looking 
2 1 for information about aerosols, you would take away 
2 2 from it that you need less drug administered as an 
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that you just gave me? 

A Absorbed into the bloodstream from the lung 
and picked up in a blood sample. 

Q But referring, again, to your sentence on 
page 172 over to the top of 173. 

A Okay. 

Q You can increase the dose, and the bulk of 
the drug administered will be in the larger droplets. 
So how does that translate into a larger dose absorbed? 
MR. WOOD: Objection as to form. 
THE WITNESS: If you are following that 
approach, then you would then be changing the 
characteristics of your aerosol so that you are giving 
only larger droplets. And, therefore, you would expect 
a number of things to happen. If they are larger, they 
may not get into the lung. If they get into the lung 
and they are larger, then they would carry more drug to 
wherever they are deposited in the lung or you would 
use the same aerosol and double the amount given. That 
would increase your dose. 

Q And of larger particles, let's say, at the 
upper end of the respirable range or above, say, .7 
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1 microns, where do most of those get deposited in the 


1 


I will read it into the record for clarity. Medical 


2 lung? 


2 


treatment of bronchial asthma and other diseases may be 


3 MR. WOOD: Objection as to form. 


3 


performed in different ways. 


4 THE WITNESS: Larger particles end up in the 


4 


A Sorry. I thought page one was the front 


5 mouth. They end up in the trachea. They end up in the 


5 


page. 


6 main stem bronchi, maybe the next generation, next 


6 


Q Yeah. I am sorry. It is the first numbered 


7 generation. They reign out in the lung depending on 


7 


page, which is the second physical page. 


8 their properties, depending on the properties of the 


8 


A And what line are you reading from? 


9 air flow into the lung, and the nature of your 


9 


Q I am on line four. Medical treatment of 


1 airways. 


10 


bronchial asthma and other diseases. 


11 So you have a number of possibihties to give 


11 


MR. WOOD: She is on the wrong page. 


12 a patient a larger dose. And that is - as I just 


12 


THE WITNESS: This is number four. 


1 3 outlined, you can increase the reservoir dose. You can 


13 


MR. WOOD: It's the fourth page, but it has 


1 4 tailor your aerosol so that only large particles or 


14 


the number one at the top. 


1 5 large droplets that are given you slice off the low 


15 


THE WITNESS: First page, fourth line? 


1 6 end. But then you run the risk that those particles 


16 


BY MS. PFEIFFER: 


1 7 will not get into the lung. You can change delivery 


17 


Q Fourth line. Medical treatment of bronchial 


1 8 systems. 


18 


asthma and other diseases may be performed in different 


19 BY MS. PFEIFFER: 


19 


ways. Do you see that sentence? 


2 Q And what characteristics of the particles 


20 


A Yes, I do. 


2 1 were you referring to as affecting the deposition? 


21 


Q Have I read it correctly? 


2 2 A Their size, their velocity are important, the 


22 


A Yes, you have. 
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1 nature of the airway. 


1 


Q Does that refresh your recollection that 


2 Q What about the charge? 


2 


Schenk does, in fact, discuss bronchial asthma? 


3 A Charge can play a role, not a huge role. 


3 


A Yes. 


4 Q And referring you back to the first page of 


4 


MR. WOOD: Objection as to form. 


5 this article again, the sentence that picks up after I 


5 


BY MS. PFEIFFER: 


6 previously stopped says. However, irrespective of the 


6 


Q If you look at the next to the last sentence 


7 system used, the efficiency of dehvery of aerosol to 


7 


in the last sentence of that paragraph, the next to 


8 the lung is relatively low. It is generally less than 


8 


last sentence. Thus, only particles having a diameter 


9 20 percent of the prescribed dose. 


9 


of less than seven microns have a chance to penetrate 


10 A Uh-huh. 


10 


completely into the bronchial tubes. 


11 Q Do you still believe that that's correct? 


11 


Have I read that correctly? 


12 A Well, I think the technology has moved on. 


12 


A Yes, you have. 


1 3 And there are inhalers that can give you more than 


13 


Q And bronchial tube does not refer to the 


14 20 percent prescribed dose. 


14 


alveoU, does it? 


15 Q InI999was20 percent not a very high 


15 


A It would not, no. 


1 6 percentage to describe as reaching the lung? 


16 


Q The next sentence says. Particles having such 


17 A That was the top end of what was known. 


17 


a small size that they may be deposited in the 


18 Q During the break, did you have any 


18 


bronchial tree by aspiration are called respirable 


1 9 discussions with the PTO lawyers about your testimony? 


19 


particles. Is that correct? 


2 A No, I did not. 


20 


A That is correct. 


21 Q Would you mind referring again to Exhibit 4, 


21 


Q So Schenk does not define less than seven 


2 2 the Schenk patent. Page one, hne four says - again. 


22 


microns as being respirable particles; is that correct? 
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1 MR. WOOD: Objection as to form. 


1 


one, which is consistent with the particle size that 


2 THE WITNESS: No. He is saying that 


2 


Dr. Crystal stated would be suitable for deposition in 


3 particles less than seven have a chance to penetrate 


3 


the alveoli (up to six microns). 


4 completely into the bronchial tubes, ergo, the lung. 


4 


Did I read that correctly? 


5 They are respirable. 


5 


A Yes, you did. 


6 BY MS. PFEIFFER: 


6 


Q Would you show me where in Schenk it says 


7 Q That's not how he defines it, is it? 


7 


that the Schenk devices deliver particles of less than 


8 A Well - 


8 


seven microns? Can you show me where he said that? 


9 MR. WOOD: Objection as to the form. 


9 


MR. WOOD: Objection as to form. 


10 THE WITNESS: Does he have a definition of 


10 


THE WITNESS: You are asking me to look for a 


1 1 respirable fraction that is different than that? 


11 


sentence where he says he - 


12 BY MS. PFEIFFER: 


12 


BY MS. PFEIFFER: 


13 Q Does he specifically refer to less than seven 


13 


Q Well, you cite page one, but I don't see that 


1 4 microns as being a respirable particle? 


14 


Schenk says that. So I am asking you to show me where 


15 A Well, in his sentence after that. Particles 


15 


it is because I don't find it there myself. 


1 6 having such a small size -- such a small size, which is 


16 


MR. WOOD: Objection as to form. 


1 7 seven micrometers, may be deposited in the bronchial 


17 


THE WITNESS: He doesn't say specifically on 


1 8 tree by aspiration are called respirable particles. 


18 


page one that he has measured that his device delivers 


19 Q So that's how you read having such a small 


19 


particles of less than seven. However, on page three. 


2 size? 


20 


the paragraph starting above line 19 - 21 - "that 


21 A Yes. 


21 


with his design a drastic increase in the proposition 


2 2 Q Okay. Returning to your expert report. 


22 


of respirable particles dispersed in the gas or air 
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1 Exhibit 1 , 1 believe that we left off at the sentence 


1 


flow" -- yeah, that his design led to a drastic 


2 that begins, Second, the Schenk devices are designed to 


2 


increase in the proportion of respirable particles 


3 deliver the drug to the peripheral airways by 


3 


disbursed in the gas or air flow. And that's 


4 optimizing two main factors affecting such delivery. 


4 


independent of the patient's ability to inhale from the 


5 The speed at which the particles exit the device and 


5 


inhaler. 


6 the distribution of particle sizes within the aerosol 


6 


So if he is making a statement that he has 


7 cloud. 


7 


caused a drastic increase in proportion of respirable 


8 Did I read that correctly? 


8 


particles, one would - at least I would assume that he 


9 A Yes, you did. 


9 


had made some measurements to be able to make that 


10 Q So you are saying that Schenk is designed to 


10 


statement. 


1 1 deliver drugs to the peripheral airways? 


11 


Q There is a difference between delivering 


12 A Uh-huh. 


12 


particles and creating them, isn't there? 


13 Q Is that correct? 


13 


MR. WOOD: Objection as to form. 


14 A Uh-huh. 


14 


THE WITNESS: You have to create them first 


15 Q Not to the alveoli? 


15 


in order to deUver them. And one would expect from 


16 A Peripheral airways. As I said earlier, in 


16 


his design that having increased the load of these 


1 7 the very peripheral airways, the alveoli start to 


17 


particles that the patient would be able to inhale 


18 appear. So, yes. 


18 


them. 


19 Q Yes. Okay. Thank you. Looking at the last 


19 


BY MS. PFEIFFER: 


2 sentence of paragraph 1 3, which says. With respect to 


20 


Q So you are assuming because he creates more 


2 1 particle size, the Schenk devices deliver particles at 


21 


respirable particles that respirable particles are 


2 2 less than seven microns in size, which is Schenk at 


22 


dehvered. That's your assumption? 
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1 A They are available for inhalation. 


1 


to — between 3 and 15 percent of their payload. 


2 Q It says dehvered. I am asking - 


2 


Q Do you know when in 1993 this was written - 


3 A Yeah, yes. If they are there for the taking, 


3 


this article? 


4 you would expect them to be inhaled and delivered to 


4 


A This article is from the second edition of 


5 the lung. 


5 


this book, so it would have been written in 1993. 


6 Q And when you say here, "The Schenk device has 


6 


Q But you don't know when in 1993? 


7 dehvered particles," where did you mean they were 


7 


A No, I don't know exactly when. It takes a 


8 delivered to? 


8 


while to write a chapter as it does to write an 


9 A They would be delivered to the lung. 


9 


article — a review article. 


10 Q Where in the lung? 


10 


Q I can imagine. And then the fourth sentence 


11 A Where respirable particles are typically 


11 


in that same paragraph on 207 states. Thus, there is 


12 dehvered. 


12 


considerable difference between the aerosol generated 


13 Q And that depends on the factors that we 


13 


and its bioavailability. 


14 discussed earlier? 


14 


Did I read that correctly? 


15 A Yes. 


15 


A Uh-huh. 


16 MS. PFEIFFER: I would like to ask the court 


16 


Q What do you mean by bioavailabihty? 


1 7 reporter to mark as the next exhibit, which is six. 


17 


A It is availability of the drug at its target 


1 8 another article on which you are an author. Aerosols in 


18 


site. 


1 9 Medicine, Principles, Diagnosis, and Therapy, dated 


19 


Q At its target site? 


2 1993. 


20 


A Uh-huh. 


2 1 (Dolovich Exhibit No. 6, marked for 


21 


Q So if we are talking about an asthma drug. 


2 2 identification.) 


22 


bioavailability would be measured, say, in the bronchia 
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1 BY MS. PFEIFFER: 


1 


wherever the receptor site is for that particular drug? 


2 Q Sorry. I have just been reminded that this 


2 


MR. WOOD: Objection as to form. 


3 is a book that you were an editor of. 


3 


THE WITNESS: Well, you would obviously want 


4 A That's correct. 


4 


to touch those receptors. And the bioavailability or 


5 Q And the article is one that you authored as 


5 


the success would be demonstrated by a pharmacokinetic 


6 the first author; is that correct? 


6 


measurement. 


7 A That's correct. 


7 


BY MS. PFEIFFER: 


8 Q I would hke to direct you to page 207 of 


8 


Q Does that mean that just delivering it to the 


9 that article. Exhibit 6. The second sentence says. 


9 


receptor site is not a measure of bioavailability? 


1 Because of the gross inefficiency of aerosol deUvery 


10 


A It depends on the interpretation. It depends 


1 1 systems due mainly to the efficient aerodynamic 


11 


on your target organ. It depends on what you want to 


12 filtration of the airways, only approximately 3 to 15 


12 


accomplish with therapy. I am not a pharmacologist, so 


1 3 percent of the nebuhzed drug reaches the lower 


13 


I wouldn't be able to describe what happens at a 


1 4 respiratory tract. 


14 


receptor site other than, you know, from a clinical 


1 5 Did I read that correctly? 


15 


measurement whether you have been successful or not. 


16 A Uh-huh. 


16 


Q Sol just want to make sure I understand this 


17 Q Is that a correct statement? Was it a 


17 


statement. So we generate an aerosol that contains a 


1 8 correct statement when it was made? 


18 


certain dosage of a drug? 


19 A It probably was a correct statement. It is 


19 


A Uh-huh. 


2 reflective of what typically happens. 


20 


Q But there is a considerable difference 


21 Q And what typically happened in 1993? 


21 


between that and its bioavailability, you say; is that 


2 2 A We had devices that were dehvering dmgs up 


22 


correct? 
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1 A It can be, yes. 


1 


with. 


2 Q You say there is? 


2 


Q The formulation of a drug? 


3 A Uh-huh. 


3 


A Uh-huh. 


4 Q You don't say can be? 


4 


Q Does it also depend on the drug itself? 


5 A Uh-huh. 


5 


A It can depend on the dmg itself. 


6 Q And we have discussed earlier that "can" and 


6 


Q Do you know whether insulin is more subject 


7 "is" mean something different? 


7 


to hygroscopic growth when it is administered as an 


8 A Uh-huh. 


8 


aerosol than a broncho - well, let's say Albuterol? 


9 Q So this is a positive statement, right? 


9 


A I have not measured its growth. 


10 A Uh-huh. 


10 


Q So you don't know? 


11 MR. WOOD: Objection as to form. 


11 


A No. 


12 BY MS. PFEIFFER: 


12 


Q And the larger the particles even though 


13 Q So my further question is, if the aerosol or 


13 


within a respirable range, is it the case that that 


14 part of the aerosol actually reaches a site, then we 


14 


particle is more likely to become non-respirable by the 


1 5 still don't know whether that drug is absorbed and 


15 


time it gets below the larynx due to the hygroscopic 


16 useful; is that correct? 


16 


growth? 


17 A That - yes, that could be right. 


17 


A Possibly. 


18 Q And that's true even if the site at which the 


18 


Q So if it is seven microns, it is more likely 


1 9 drug is supposed to act is a receptor site within the 


19 


to be non-respirable than if it starts at two microns. 


2 lung? 


20 


Is that the case? 


21 MR. WOOD: Objection as to form. 


21 


MR. WOOD: Objection as to form. 


2 2 THE WITNESS : You are saying that when it 


22 


THE WITNESS : If one knew the rate of growth 
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1 reaches the receptor site within the lung, we are not 


1 


of the particle itself, then one could make that 


2 sure - 


2 


statement. 


3 BY MS. PFEIFFER: 


3 


BY MS. PFEIFFER: 


4 Q Whether it is going to be effective? 


4 


Q You could calculate it if you knew the - 


5 A Yes. 


5 


A You could calculate it. You could measure 


6 Q We don't know that it is going to be 


6 


it. 


7 bioavailable? 


7 


Q Okay. And what are the properties of the 


8 A Uh-huh. 


8 


particle that affect how much hygroscopic growth it's 


9 Q What's a hygroscopic growth of a particle? 


9 


susceptible to? 


1 What does that refer to? 


10 


A Well, one of the factors that I would be 


11 A It means taking up of water so that the 


11 


familiar with would be the initial diameter. 


12 particle grows in size. 


12 


Q Anything else? 


13 Q And does that occur when aerosols are 


13 


A Whether it would be deposited in the main 


14 inhaled? 


14 


stem bronchi or within the lung. But mainly the 


15 A Yes, it does. 


15 


starting diameter and whether it was picking up water 


16 Q So is it the case that even though the 


16 


by condensation, which would be on the surface of the 


1 7 aerosol may deliver particles within a respirable 


17 


particle, or actually growing because it is absorbing 


1 8 fraction that the particles are no longer respirable by 


18 


water. 


1 9 the time they get below the larynx? 


19 


Q And it would be absorbing water from the 


2 A It could be. 


20 


mouth and larynx and the whole respiratory system? 


21 Q Could it be or does that commonly happen? 


21 


A Well, the humidity inside your lung is a 


2 2 A It depends what formulation you are working 


22 


100 percent. 
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1 Q That's a lot. 


1 


Q And how do you know that? 


2 A So that there is a lot of water there. 


2 


A By, one, imaging; two, taking blood samples. 


3 Q I had no idea. All right. Let's turn to 


3 


Q How do you know that from taking blood 


4 Exhibit 1, paragraph 14- I am sorry. Can I direct 


4 


samples that anything which is absorbed into the 


5 you back to 13? I apologize. The fourth sentence 


5 


bloodstream came from the peripheral airways? 


6 states, All or a portion thereof may be absorbed into 


6 


A You would be hard pressed given the tools you 


7 the bloodstream. 


7 


have to work with to say it is from a location in the 


8 Do you see that? 


8 


peripheral airways. You are asking me to separate 


9 A Uh-huh, yep. 


9 


where in the peripheral airways or just peripheral 


10 Q Can you tell me of any studies that you have 


10 


versus central versus alveoli? 


1 1 done that shows that all of the medication deposited on 


11 


Q The latter. 


1 2 peripheral airway surfaces is absorbed into the 


12 


A Peripheral versus central? 


1 3 bloodstream? 


13 


Q Well, let's cut to the chase. Let's make it 


14 A I would have to know actually that they were 


14 


peripheral versus alveoli. 


15 on peripheral airway surfaces and where before I could 


15 


A You would not know whether it was definitely 


1 6 answer your question. 


16 


coming from peripheral or definitely coming from 


17 Q Well, do you know of any studies that would 


17 


alveoli. You might have a better chance at making that 


1 8 support the statement that all of a medication 


18 


distinction the finer your aerosol particle. 


1 9 deposited on peripheral airway surfaces is absorbed 


19 


Q From imaging, have you done studies that show 


2 into the bloodstream? 


20 


that all of the aerosol that's being studied is 


21 A Well, if you are dealing with a salt, a good 


21 


absorbed into the bloodstream? 


2 2 portion of it gets absorbed fairly rapidly. 


22 


A I have done imaging studies, which shows that 
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1 Q Into the bloodstream? 


1 


aerosol gets to the distal lung. I can't say that in 


2 A That's correct. 


2 


every case I have taken blood samples. 


3 Q And when it is deposited into the peripheral 


3 


Q It is not the question that I asked. 


4 airways — 


4 


A No, but you are asking if I. You used the 


5 A Yes. 


5 


word I, meaning me - 


6 Q -- and is not in the alveoli? 


6 


Q Yes. 


7 A In the distal lung, which would be peripheral 


7 


A - have done studies whereby I can say that 


8 airways and alveoh. 


8 


aerosol is deposited in the peripheral airways and 


9 Q But I am concentrating on what you said here. 


9 


taken up in the blood. 


1 which is the peripheral airways, because we have 


10 


Q Well, that's not really the question that I 


1 1 already established that this does not refer to the 


11 


asked. 


1 2 alveoh. So I am asking you for any studies or science 


12 


A So perhaps you could define the question 


13 or publications that you know of that supports the 


13 


better. 


1 4 proposition that all of a medication deposited in the 


14 


MS. PFEIFFER: Could you read it back? 


1 5 peripheral airway surfaces is absorbed into the 


15 


(The record was read back as follows: 


1 6 bloodstream? 


16 


"Q: From imaging, have you done studies that 


17 MR. WOOD: Objection as to form. 


17 


show that all of the aerosol that's being 


18 THE WITNESS: I would have to review, again. 


18 


studied is absorbed into the bloodstream?") 


1 9 some literature. But I would have made that statement 


19 


THE WITNESS : In my experience you cannot be 


2 knowing that aerosols are absorbed into the bloodstream 


20 


so specific. But I would have to say that I have not 


2 1 from peripheral airways. 


21 


done a study where aerosol is deposited on the 


2 2 BYMS.PFEIFFER: 


22 


peripheral airways and all of it is taken up 
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1 systemically. 


1 


is support for the statement that all of a medication 


2 BYMS.PFEIFFER: 


2 


deposited on peripheral airway surfaces may be absorbed 


3 Q Have you read or are you familiar with 


3 


into the bloodstream? 


4 anything in the literature that shows that aerosol 


4 


MR. WOOD: Objection as to form. 


5 that's deposited on the peripheral airways, all of that 


5 


THE WITNESS: I use the word may. 


6 aerosol is absorbed into the bloodstream? 


6 


BYMS.PFEIFFER: 


7 MR. WOOD: Objection as to form. 


7 


Q You say "ah may." 


8 THE WITNESS: I can't say whether those terms 


8 


A Ah or a portion may. 


9 were used in that all -- you are using the word. You 


9 


Q I am not focusing on the portion. I am 


10 are asking for a 100 percent. 


10 


focusing on all. 


11 BYMS.PFEIFFER: 


11 


A I understand that. I understand that. So 


12 Q Is that not what you meant by the use of the 


12 


all in that statement refers to medication depositing 


1 3 word all in your expert opinion? 


13 


on the peripheral airway surfaces. So that medication 


14 A All or a portion thereof may be absorbed, 


14 


that is deposited on that peripheral airway surface may 


15 yeah. 


15 


be absorbed into the bloodstream. 


16 Q So I am asking you really for what's your 


16 


Q Ah of it? 


1 7 basis for the science for making that statement? 


17 


A May be. 


18 A Well, then, I - in my view, that would be 


18 


Q Ah of it may be? 


1 9 considered opinion based on literature. 


19 


A All of it may be or a portion thereof. 


2 Q Based on what literature? 


20 


Q I am not asking you about a portion. Please 


21 A That I have read that I was famihar with. 


21 


answer my question or unfortunately we are going to 


2 2 Q And the hterature that you have read and are 


22 


have trouble with our timing here. And that would be 
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1 famiUar with and reUed on in this opinion is stated 


1 


very unfortunate. 


2 to be the articles in that opinion? 


2 


MR. WOOD: Objection. 


3 A Uh-huh. 


3 


Q So please answer my question? 


4 Q So you are teUing me that there -- 


4 


MR. WOOD: Objection as to form. Asked and 


5 MR. WOOD: Objection. 


5 


answered. 


6 BY MS. PFEIFFER: 


6 


MS. PFEIFFER: It hasn't been answered. And 


7 Q -- that in those references, there is support 


7 


I would hke to have it answered. 


8 for this statement? 


8 


THE WITNESS: Well, I believe that I have 


9 THE WITNESS: Objection as to form. 


9 


given you an answer for that - for your question. And 


10 MS. PFEIFFER: Excuse me. I haven't 


10 


I can't do - you know, I am not going to be able to 


1 1 finished. 


11 


split the hairs that you are asking me to split. So 


12 BYMS.PFEIFFER: 


12 


that- 


13 Q You are telling me that that's the support 


13 


Q How can it be sphtting the hairs to ask you 


14 for this statement; is that correct? 


14 


whether all of the medication deposited on the 


15 MR. WOOD: Objection as to form. 


15 


peripheral airways may be absorbed into the 


16 THE WITNESS: Yes. 


16 


bloodstream? 


17 BYMS.PFEIFFER: 


17 


A All of the medication deposited on a 


18 Q I am asking you for support for the all. You 


18 


peripheral airway may be absorbed into the bloodstream. 


1 9 understand that? 


19 


Q Right. 


2 A Yes, I do understand that. 


20 


A That is cortect. 


21 Q So is it your sworn testimony that in those 


21 


Q That's correct. And what's your support for 


2 2 references that you have cited in your opinion, there 


22 


that. It is not in any work you have done. We know 
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1 that? 


1 


dehvered to the peripheral airways can be picked up in 


2 A Uh-huh. 


2 


a blood sample, in a urine sample. 


3 Q So where is it? 


3 


Q You also just told me that you didn't know 


4 MR. WOOD: Objection as to form. 


4 


where that came from, whether it came from the alveoli 


5 THE WITNESS: It would be in one of the 


5 


or whether it came from the peripheral airways, didn't 


6 papers that are listed in this document. 


6 


you? 


7 Q And that's your sworn testimony? 


7 


A If you can tell me - if you, in your reading 


8 A That's what I believe. 


8 


of these documents, can tell me that it is specifically 


9 Q I am asking if that's your sworn testimony? 


9 


on the peripheral airway or specifically in the 


10 A Well, what's the difference? 


10 


alveoh, then I would invite you to come into my 


11 Q Well, you are swearing to tell the truth? 


11 


laboratory. 


12 A Yes, I am telling the truth. 


12 


Q So the answer to my question is no? 


13 Q All right. And do you intend to say in this 


13 


MR. WOOD: Objection. 


1 4 sentence that all of the medication deposited on 


14 


THE WITNESS: I don't believe so. You know. 


1 5 peripheral airway surfaces is absorbed into the 


15 


I think if you read the literature, nobody in the field 


1 6 bloodstream? 


16 


can say specifically the site of absorption is only on 


17 MR. WOOD: Objection as to form. Asked and 


17 


peripheral airways or only on alveoli surfaces or only 


1 8 answered. 


18 


in central airways. Absorption take place throughout 


19 THE WITNESS: I have said may be absorbed. 


19 


the lung. 


2 BY MS. PFEIFFER: 


20 


BY MS. PFEIFFER: 


21 Q I am asking you a different question. Would 


21 


Q Absorption into the bloodstream? 


2 2 you answer it? 


22 
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1 A Ask me the question again. 


1 


the lung. 


2 Q The question is, do you intend by the 


2 


Q Are you famihar with David C. Klonoff, who 


3 statement we have been talking about that the reader 


3 


is a doctor? 


4 understand that medication deposited on peripheral 


4 


A I know the name. 


5 airway surfaces, all of that medication is absorbed 


5 


Q He is a chnical professor of Medicine at the 


6 into the bloodstream? 


6 


University of Cahfornia, San Francisco. 


7 MR. WOOD: Objection as to form. Asked and 


7 


A Uh-huh. 


8 answered. 


8 


Q Have you ever encountered him in any of your 


9 THE WITNESS: I use the word may because I 


9 


meetings and workshops and seminars? 


1 would not be able to guarantee that it is absorbed. 


10 


A I have not. 


1 1 One can't be so - what's the word? Not firm, but I 


11 


Q You have not? 


1 2 use the word may, because you cannot be sure or certain 


12 


A No. 


1 3 that it is absorbed. 


13 


Q Are you famihar with his work? 


14 BY MS. PFEIFFER: 


14 


A I am familiar with some of his work. 


15 Q If you can't be certain that it is absorbed. 


15 


Q Would you recognize him as having any 


1 6 how can you be certain that it may be absorbed? 


16 


expertise? 


17 A Because I believe there is evidence to show 


17 


A Yes, I would. 


1 8 that drug particles that are delivered to the 


18 


Q And what would that expertise be? 


1 9 peripheral airways appear in the blood. The drug 


19 


A In diabetes. 


2 appears in the blood. 


20 


MS. PFEIFFER: I would like the reporter to 


21 Q All of it? 


21 


mark as Exhibh No. 7, an article by David C. Klonoff, 


2 2 A I didn't say all of it. I said that aerosols 


22 


K-1-o-n-o-f-f, M.D., entitled Inhaled Insuhn, an 
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1 article from the Diabetes Technology and Therapeutics 


1 


image as to where the insuhn has deposited in the 


2 Journal, Volume One, No. 3, 1999. 


2 


lung, that it is deposited throughout the lung. 


3 (Dolovich Exhibit No. 7, marked for 


3 


BY MS. PFEIFFER: 


4 identification.) 


4 


Q Including the alveoh? 


5 BY MS. PFEIFFER: 


5 


A Possibly. I don't know for sure, because - 


6 Q I direct you to the third sentence under the 


6 


Q So you don't really know where it is in the 


7 abstract. 


7 


lung? 


8 A Uh-huh. 


8 


A No. 


9 Q That sentence says. The lung airways contain 


9 


MR. WOOD: Objection as to form. 


1 bronchial tubes, which are impermeable to insuhn and 


10 


THE WITNESS: No. Dr. Klonoff made the 


1 1 alveoh, from which insuhn can be absorbed into the 


11 


statement in the introduction in the abstract. And he 


1 2 circulation. Do you see that? 


12 


makes it in the body of his review. He does not 


13 A Uh-huh. 


13 


reference that statement of being impermeable to 


14 Q What do you understand Dr. Klonoff to mean by 


14 


insuhn. If you go into the hterature and read a 


1 5 impermeable to insuhn? 


15 


paper, say, by Dr. Patton, John Patton, he might say 


16 MR. WOOD: Objection as to form. 


16 


something entirely different in terms of absorption of 


17 THE WITNESS: That it is, in his opinion, if 


17 


insuhn from airway surfaces or throughout the lung - 


1 8 you put insulin on the bronchi, they will not be taken 


18 


the epithehal surface of the lung. 


1 9 up into the bloodstream. 


19 


And there are - so there are different 


2 BY MS. PFEIFFER: 


20 


opinions. Dr. Klonoff s is one of them. Dr. Patton' s 


21 Q And this is one of the articles that you 


21 


is another. And I am not saying that I referred to the 


2 2 relied on - 


22 


statement of Klonoff s in my expert testimony. 
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1 A Uh-huh. 


1 


BY MS. PFEIFFER: 


2 Q -- for your opinion, isn't it? 


2 


Q Again, I ask you the question. What in your 


3 MR. WOOD: Objection as to form. 


3 


research supports the proposition that absorption of 


4 THE WITNESS: It doesn't mean to say that I 


4 


insulin takes place through the bronchial tubes? 


5 agree with that statement. 


5 


MR. WOOD: Objection as to form. 


6 BY MS. PFEIFFER: 


6 


THE WITNESS: I have pilot data that shows me 


7 Q Have you done work with insuhn that would 


7 


an image of F-18 insulin in the dog lung that may not 


8 cause you to give you a basis to disagree with that 


8 


have reached the outer boundary of the lung where 


9 statement? 


9 


peripheral airways are and alveoli space is. I can't 


10 A I can only refer to this prehminary work in 


10 


say for certain that there is absorption only from 


11 dogs. 


11 


alveoh. I cannot say for certain that there is 


12 Q And has the work given you a basis to 


12 


absorption only from peripheral airway. I can say 


1 3 disagree with this statement? 


13 


there is absorption from the lung. And I am able to 


14 A Yes. 


14 


pick up the tracers in the blood samples. And it has 


15 Q So you are telhng me now that your research 


15 


to get into the blood from somewhere. 


1 6 has, in fact, demonstrated that the bronchial tubes can 


16 


BY MS. PFEIFFER: 


1 7 take up insuhn. Is that what you are telhng me? 


17 


Q But you can't tell me whether it comes from 


18 MR. WOOD: Objection as to form. 


18 


the alveoli or the bronchial tubes? 


19 THE WITNESS: I am saying that based on 


19 


MR. WOOD: Objection as to form. 


2 preliminary experiments where we deposit a tracer of 


20 


THE WITNESS: I cannot say at this time. 


2 1 insuhn and detect both the tracer and the insuhn in 


21 


BY MS. PFEIFFER: 


2 2 blood samples that, based on what I can see on the 


22 


Q And you can't tell me any other support for 
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1 the statement that all of the medication on the 


1 


THE WITNESS : I can say that it was mine 


2 peripheral airways is absorbed into the bloodstream? 


2 


specifically. 


3 A Yeah. I did not make the statement that you 


3 


BY MS. PFEIFFER: 


4 are making now. I said all or a portion thereof may be 


4 


Q Can you say whether it was the PTO's idea for 


5 absorbed. I didn't say is; I said may. So you are -- 


5 


you to address that? 


6 Q So you are not willing to say that all of it 


6 


A I can't say specifically. 


7 is in any - even once - 


7 


Q You just can't remember whose idea it was? 


8 MR. WOOD: Objection as to form. 


8 


A Well, it was a collective decision, I 


9 BY MS. PFEIFFER: 


9 


imagine. 


10 Q - that all of it is; is that right? 


10 


Q Your statement here in paragraph 15 beginning 


11 A That is correct. That is a leap of faith 


11 


on the second line - and, again, I read it into the 


1 2 that I am not prepared to make. 


12 


record. Quote, I disagree that one of ordinary skill 


13 Q Okay. Let's go to 14. 


13 


in the art would not expect the Velasquez sheet 


14 A Good. 


14 


material to reproducibly deliver sufficient amounts of 


1 5 MS. PFEIFFER: Do you need a break now? 


15 


insulin to treat diabetes merely because of the 


16 THE WITNESS: No. I will wait until you are 


16 


molecular differences between insulin and the other 


1 7 done with this one. 


17 


drugs identified by Velasquez, closed quote. 


18 BY MS. PFEIFFER: 


18 


Is that correct? 


19 Q Paragraph 14 says, I have been further asked 


19 


A Uh-huh. 


2 to respond to the statement in Dr. Crystal's report 


20 


Q Why did you say "merely because"? 


2 1 that all of the drugs Velasquez identifies, except 


21 


A I believe that he makes a point about the 


2 2 insulin, are simpler and much smaller molecules than 


22 


molecular weight. 
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1 insulin and none, except insulin is a protein, closed 


1 


Q Is that the only point that he makes? 


2 quote. And, quote, because of the great differences 


2 


MR. WOOD: Objection as to form. 


3 between insuHn and the other listed drugs, and the 


3 


THE WITNESS: Dr. Crystal? 


4 different properties of their molecules, one of 


4 


BY MS. PFEIFFER: 


5 ordinary skill would not expect that the Velasquez 


5 


Q Yes. 


6 sheet material could reproducibly deliver sufficient 


6 


A I would have to look at Dr. Crystal's report. 


7 amounts of insulin to treat diabetes, closed quote. 


7 


Q Let's do that. 


8 Did I read that correctly? 


8 


MS. PFEIFFER: Exhibit No. 8. 


9 A Yes, you did. 


9 


(Dolovich Exhibit No. 8, marked for 


10 Q And that's the other thing that you have been 


10 


identification.) 


1 1 asked to -- the second thing -- 


11 


BY MS. PFEIFFER: 


12 A Uh-huh. 


12 


Q Directing you to paragraph 37 - 


13 Q -- in your opinion you have been asked to 


13 


A Uh-huh. 


14 address? 


14 


Q And my question is, does Dr. Crystal rely 


15 MR. WOOD: Objection as to form. 


15 


merely on the molecular differences between insulin and 


16 BY MS. PFEIFFER: 


16 


the other dmgs identified by Velasquez? 


17 Q And whose idea was it to address this 


17 


MR. WOOD: Objection as to form. 


1 8 particular part of Dr. Crystal's report? 


18 


THE WITNESS: Well, he says. All of the drugs 


19 A I imagine it was based on discussions of his 


19 


Velasquez identifies, except insulin, are simpler and 


2 report. 


20 


much smaller molecules and none, except insuhn, is a 


21 Q So was it your idea? 


21 


protein. So it goes on to say. Because of the great 


2 2 MR. WOOD: Objection as to form. 


22 


differences between insuhn and other listed drugs. 
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1 different properties of their molecules, one of 


1 


an aerosol in terms of size. It can be a simple twin 


2 ordinary skill would not expect that the Velasquez 


2 


stage impinger, which gives you one cutoff so that your 


3 sheet material, yeah, could reproducibly deliver 


3 


aerosol either falls above or below that size. It can 


4 sufficient amounts of insulin to treat diabetes. 


4 


have eight stages. It can be 10 stages. Whatever you 


5 So he concentrates on the molecular size. He 


5 


use, the number - each stage of your collection system 


6 doesn't say the great differences between — he doesn't 


6 


collects particles between a high and a low size in 


7 identify great differences. 


7 


terms of diameter of that particle - aerodynamic 


8 Q So that's the reason that you focused on the 


8 


diameter. 


9 molecular differences? 


9 


So it is a standard method used for 


10 A Well, he mentions simpler and much smaller 


10 


classifying aerosols. And you get your information 


11 molecules. 


11 


from that collection system. And you can determine by 


12 Q The next sentence says. If particles are the 


12 


plotting the data what the overall behavior is in terms 


1 3 same aerosol aerodynamic size, one of skill would 


13 


of its in vitro characteristics. 


1 4 assume commonalities of behavior in the way the 


14 


Q Which in vitro characteristics? 


1 5 particles are handled by the lung. 


15 


A Your in vitro characteristics means your 


1 6 What do you mean by if the particles are the 


16 


differentiation on the bench using a piece of equipment 


1 7 same aerosol aerodynamic size? Are you referring to a 


17 


of your aerosol into the different sizes. 


1 8 monodispersed aerosol? 


18 


Q So you are talking about you can classify it 


1 9 MR. WOOD: Objection as to form. 


19 


by size? 


2 THE WITNESS: No, I am not. 


20 


A Uh-huh. 


21 BYMS.PFEIFFER: 


21 


Q That's it? 


2 2 Q So what are you referring to? 


22 


A Or by number or by surface area. It depends 
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1 A I am referring to the characterization of the 


1 


what you apply. 


2 aerosol through a method that employs a measurement of 


2 


Q So does this sentence mean, then, that if you 


3 aerodynamic size. So if you have Aerosol A and Aerosol 


3 


choose a particular aerosol or particle size, then it 


4 B and you use the same piece of equipment to define the 


4 


doesn't matter what it is a particle of? It will be 


5 aerosol or characterize the aerosol in terms of 


5 


deposited in the lung in the same way. Is that what 


6 aerodynamic size and they are the same, then one could 


6 


you are saying? 


7 anticipate or assume that they would behave similarly 


7 


MR. WOOD: Objection as to form. 


8 in the lung in terms of getting into the lung. 


8 


THE WITNESS: The statement says that 


9 Q Is that what handled by means? 


9 


particles that have similar or same characteristics are 


10 A Handled by, yeah. 


10 


hkely to be deposited in a similar way in the lung. 


11 Q Getting into the lung? 


11 


BY MS. PFEIFFER: 


12 A Well, deposited into the lung. 


12 


Q And the characteristic that you identified 


13 Q Deposited in the lung. And the aerosol not 


13 


when I asked you about it was size; is that correct? 


14 being monodispersed; it is polydispersed. It has a 


14 


A Yes. 


1 5 range of many sizes. 


15 


Q Is there anything else, any other 


16 A Uh-huh. 


16 


characteristics? 


17 Q So how do you compare them for purposes of 


17 


A Well, that's - for in vitro measurement? 


1 8 assuming the commonalities? 


18 


Q I am really asking you what you mean. 


19 A You have a piece of equipment that classifies 


19 


A Well, I am talking about -- 


2 the aerosol in terms of size. 


20 


MR. WOOD: Objection as to form. 


21 Q Of a range of sizes? 


21 


THE WITNESS: I am talking about an in vitro 


2 2 A You use a piece of equipment that classifies 


22 


measurement of your aerosol cloud. You make this 
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1 measurement, you get a number -- multiple numbers. And 


1 


MR. WOOD: Objection as to form. 


2 you can use information from modelers, for example, to 


2 


THE WITNESS: No. There are - you go from 


3 say my aerosol is going to deposit in the lung in this 


3 


an in vitro measurement to giving it to your subject. 


4 way. 


4 


your patient. And there you have the way it is inhaled 


5 BYMS.PFEIFFER: 


5 


and the nature of the disease. 


6 Q And what are the variables that dictate that? 


6 


BYMS.PFEIFFER: 


7 MR. WOOD: Objection as to form. 


7 


Q What about molecular attributes, such as the 


8 THE WITNESS: Of the in vitro measurement? 


8 


charge of the particle? 


9 BYMS.PFEIFFER: 


9 


MR. WOOD: Objection as to form. 


10 Q Of the characteristics that lead to the 


10 


THE WITNESS : What about them? 


1 1 deposition that you were just taking about. 


11 


BYMS.PFEIFFER: 


12 MR. WOOD: Same objection. 


12 


Q Does that not affect how it is deposited in 


13 THE WITNESS: One of them is your median size 


13 


the lung? 


14 in terms of mass, your geometric standard deviation of 


14 


A Charge can affect how it is deposited in the 


1 5 that measurement. 


15 


lung. You are - we talked earlier about humidity. 


16 BYMS.PFEIFFER: 


16 


And in a humid environment, charge becomes less 


17 Q Which is also related to the size of the 


17 


important. 


1 8 particle, right? 


18 


Q That has to do with the hydrophilicity or 


19 A It is a measurement of the standard deviation 


19 


hydrophobicity of the particle; is that right? 


2 of the median diameter. 


20 


A Uh-huh. 


21 Q And, therefore, size? 


21 


Q What about the shape of the particle? I 


2 2 MR. WOOD: Objection as to form. 


22 


think we already talked about that, that that matters 
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1 THE WITNESS: Right. But it is a 


1 


as well based on your earlier writings when we were 


2 non-dimensional parameter variable. 


2 


talking about Schenk? 


3 BY MS. PFEIFFER: 


3 


MR. WOOD: Objection as to form. 


4 Q Okay. What else? 


4 


THE WITNESS: When you measure a particle in 


5 A And then you quote the respirable - the 


5 


terms of its aerodynamic size, shape and density are 


6 fraction that's within the respirable range. 


6 


taken into a consideration. And so the number that you 


7 Q Which is, again, defined by size? 


7 


get is, in a sense, normalized for those properties. 


8 A Uh-huh. 


8 


BY MS. PFEIFFER: 


9 Q Mass median and diameter? 


9 


Q So are you saying that if you have one 


10 A Uh-huh, yes. 


10 


particle, which is actually aspherical, and another 


11 Q So what you are saying is if two particles 


11 


particle, which is I think you used in one of your 


1 2 are the same size, they will be deposited in the lung 


12 


writings needlelike, they will still deposit in the 


13 in the same way? 


13 


lung in the same way if they had the same mass median 


14 MR. WOOD: Objection. 


14 


diameter? 


15 BYMS.PFEIFFER: 


15 


MR. WOOD: Objection as to form. 


16 Q Is that what that sentence says? 


16 


THE WITNESS: One could interpret it that 


17 MR. WOOD: Object as to form. 


17 


way, yes. 


18 THE WITNESS: Yes, deposited in the lung. 


18 


BY MS. PFEIFFER: 


19 BYMS.PFEIFFER: 


19 


Q Are there any other aspects of the particle. 


2 Q And there were no other characteristics of 


20 


any other characteristics of the particle that affect 


2 1 the particles that affect the way that they are 


21 


the way it is deposited in the lung? 


2 2 deposited in the lung; is that correct? 


22 


A Well, in terms of deposition mechanisms, size 
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1 is really the most important. 


1 


radioactive material, to the dmg that hits the 


2 Q Your next sentence says, For example, Laube, 


2 


direction you are trying to determine when you are 


3 et al, used data derived from the inhalation of a 


3 


doing research and that you used a tracer so that you 


4 surrogate radial-labelled aerosol sulfur colloid to 


4 


can follow the drug. When you refer to a surrogate 


5 infer the deposition of an insulin formulation using 


5 


radial-labelled aerosol sulfur colloid, does that mean 


6 the same inhalation device. 


6 


that there was actually no insulin attached to the 


7 A Uh-huh. 


7 


sulfur collide, or is this the same kind of technique 


8 Q Did I read that correctly? 


8 


that you used? 


9 A Yes, you did. 


9 


MR. WOOD: Objection as to form. 


10 MS.PFEIFFER: Can we mark this exhibit? 


10 


THE WITNESS: No. In a lot of these 


1 1 MR. WOOD: Counsel, we have been going almost 


11 


experiments, there was no insulin in that set of 


12 an hour and a half, so whenever you come to a stopping 


12 


measurements that she did. 


13 point. 


13 


BY MS. PFEIFFER: 


14 MS.PFEIFFER: This won't go on too much 


14 


Q Is that standard practice? 


15 longer, I hope. But how do I know? It depends on how 


15 


MR. WOOD: Objection as to form. 


1 6 much we have to talk about. 


16 


THE WITNESS : It would be a method utilized 


17 MS. KELLY: There's not a question right 


17 


to allow you to make a statement about your delivery 


18 now. 


18 


system about how much you potentially could get into 


19 MS.PFEIFFER: Not in the middle of a 


19 


the lung. 


2 question, please. Thank you. 


20 


BY MS. PFEIFFER: 


21 MS. KELLY: There's not a question pending. 


21 


Q What characteristics does the surrogate need 


2 2 MR. WOOD: Well, before we start getting into 


22 


to have in order for you to validly infer the behavior 


Page 175 




Page 177 


1 Laube. 


1 


of the drug that it's using it as a surrogate for? 


2 MS. KELLY: It has been an hour and a halL 


2 


A It would have to release an aerosol that has 


3 MS.PFEIFFER: I would like to wait just a 


3 


the same aerosol characteristics as your aerosol of 


4 few more minutes, please. 


4 


interest. So she used — Laube used the same aerosol 


5 BY MS. PFEIFFER: 


5 


delivery system for her sulfur colloid in saline as she 


6 Q You have cited column six, line 50; column 


6 


did when she delivered her insulin to her subjects. 


7 seven, line 25. What do you mean by it was a surrogate 


7 


Q And what are those characteristics? 


8 radial-labelled sulfur colloid. What does that mean? 


8 


A The particle size; distribution of the 


9 A The word surrogate? 


9 


aerosol would give - would be the same or similar 


10 Q Yes. 


10 


enough. 


11 A It means a substitute or the use of aerosol 


11 


Q So you are looking for an aerosol with the 


1 2 that would mimic, for example, what you were trying to 


12 


same respirable fraction as the insulin. Is that what 


13 do. 


13 


you are saying? 


14 Q So is this different from the process that 


14 


MR. WOOD: Objection as to form. 


1 5 you described that you used where you add a tracer to a 


15 


THE WITNESS: The same - one could hope that 


1 6 particular drug, or is it the same process? 


16 


it gives you the same respirable fraction and expect 


17 MR. WOOD: Objection as to form. 


17 


that it would and expect that it would give you the 


18 THE WITNESS: What do you mean the same 


18 


same median diameter. 


1 9 process? 


19 


BY MS. PFEIFFER: 


2 BY MS. PFEIFFER: 


20 


Q And then the last thing I want to ask you 


21 Q You described to me earlier that what you do 


21 


about before we break is the last sentence which says. 


2 2 in following these is you attach a tracer, some 


22 


Further, it was known as of January 29, 1993, that at 
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1 least a portion of the insulin particles inhaled into 


1 


insulin in the bloodstream. 


2 the lungs would be absorbed into the bloodstream. 


2 


BYMS.PFEIFFER: 


3 And I ask you after the break to show me 


3 


Q So you are telling me that sulfur colloid 


4 where in Laube that exists. But right now I just want 


4 


doesn't end up in the bloodstream? 


5 to ask you how much. 


5 


A That's correct. 


6 A You mean a portion. You want me to define a 


6 


Q So all that she knows about the sulfur 


7 portion? 


7 


colloid is where it is deposited in the lungs and not 


8 Q Yeah. What portion would be absorbed? What 


8 


how much of it ends up in the bloodstream? 


9 was known? 


9 


A Unless she took the blood levels and fed them 


10 A I would have to - 


10 


into a model to allow her to estimate that 


11 MR. WOOD: Objection as to form. 


11 


information. And I don't know about that. 


12 THE WITNESS: I would have to look at her 


12 


MS.PFEIFFER: All right. I think we can 


1 3 data to remember that number. 


13 


break now. Thank you. 


14 BYMS.PFEIFFER: 


14 


(A recess was held.) 


15 Q And that's the only study that you are aware 


15 


(Dolovich Exhibit No. 9, marked for 


16 of that deals with this issue as we sit here today? 


16 


identification.) 


17 MR. WOOD: Objection as to form. 


17 


BYMS.PFEIFFER: 


18 THE WITNESS: Which issue are we talking 


18 


Q Ms. Dolovich, before we broke, we were 


1 9 about? 


19 


talking about the last sentence of paragraph 15 of your 


2 BYMS.PFEIFFER: 


20 


report, which is Exhibit 1 . Can you show me where in 


21 Q The issue of at least a portion of the 


21 


the Laube reference there is support for the statement 


2 2 insulin particles inhaled into the lungs being absorbed 


22 


that at least a portion of insulin particles inhaled 
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1 into the bloodstream. 


1 


into the lungs would be absorbed into the bloodstream? 


2 A I think there were some earher animal 


2 


A It is either in this patent or it is in 


3 studies that I quoted in my list or that would have 


3 


the- 


4 been reviewed in a review article to indicate that 


4 


Q This patent being Exhibit 9? 


5 giving insulin by inhalation or into the lung would 


5 


A Uh-huh, yes. Let me just see if it is here. 


6 cause or allow one to measure a signal in the blood. 


6 


So she describes the method in column seven and then 


7 Q Measure what in the blood? 


7 


going over into column eight. And she says around line 


8 A A signal — insulin signal in the blood. 


8 


16, "Mean values for blood glucose levels, blood 


9 Q Does Laube provide a way to determine what 


9 


insulin levels, and average time to peak were 


1 portion of the insulin particles inhaled into the lungs 


10 


obtained." And then she - in Table 2, it straddles 


1 1 would be absorbed into the bloodstream? 


11 


columns nine and ten. She is referring to peak insulin 


12 A Laube provides an estimate of the total lung 


12 


level in standard units - international units. And 


1 3 deposition from her system, which she determined from 


13 


then she has examples of - compares the blood insuhn 


14 her sulfur colloid measurements. And then she applies 


14 


levels prior and subsequent to insulin inhalation. 


1 5 that percentage, is my understanding, to her 


15 


Q Can you determine from the information in 


1 6 experiments with insulin in the same nebuhzer. And 


16 


Laube what portion was absorbed into the bloodstream? 


1 7 she measures blood levels following the delivery. 


17 


A Laube did two things prior to administering 


18 Q And do you know whether that gave her a 


18 


her insuhn to her subjects. The first thing she did 


1 9 reproducible amount of insulin surrogate in the 


19 


was she characterized her nebulizer in terms of her 


2 bloodstream? 


20 


surrogate. Actually, that might be the second thing. 


21 MR. WOOD: Objection as to form. 


21 


The first thing she did was she had each 


2 2 THE WITNESS: There would be no surrogate for 


22 


subject inhale insulin from that system through an 
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1 absolute filter. And so she gauged what they would 


1 


right? 


2 inhale over the specified inhalation protocol and what 


2 


A Well, they are two separate processes. 


3 percentage of the loaded dose in the nebulizer they 


3 


Q And they result in different amounts of 


4 would inhale into the mouth. So she had an idea of the 


4 


insulin being available in the bloodstream and into the 


5 efficiency of delivery from what was loaded to what was 


5 


lungs? 


6 available to the mouth. And that's the term the 


6 


MR. WOOD: Objection as to form. 


7 emitted dose. 


7 


THE WITNESS: How would you make that 


8 Then she used her tech sulfur colloid to 


8 


statement? 


9 estimate what percentage would get into the lung, 


9 


BY MS. PFEIFFER: 


1 again, using each of those subjects. And so she could 


10 


Q I am asking you. If you deposit a certain 


1 1 have said, I have 40 percent of my dose on filter. Of 


11 


amount of insulin in the lungs, the same amount of 


1 2 that 40 percent, say, 20 percent would be deposited in 


12 


insulin doesn't show up in the bloodstream, does it? 


13 the lung. So that would be 8 percent of the payload, 


13 


A I don't know. I am not saying that it 


14 .4 times .2. And then she gave her insulin, according 


14 


would. I am not saying that it wouldn't. I am saying 


15 to a specific protocol for each subject, and then 


15 


I don't have the data to say that it would be so black 


1 6 measured blood levels. 


16 


and white. 


17 So I don't know whether she took the emitted 


17 


Q And so you don't know what portion of the 


1 8 dose times the deposition fraction and said. This is a 


18 


insulin would show up in the bloodstream? 


1 9 percentage that I got into the lung and this is what I 


19 


MR. WOOD: Objection as to form. 


2 picked up in the blood. I don't know whether she said. 


20 


THE WITNESS : I have not made those 


2 1 This is what is absorbed. 


21 


calculations based on her data. 


2 2 Q So the answer is, you can't tell from Laube 


22 


BY MS. PFEIFFER: 
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1 what portion that was inhaled was absorbed? 


1 


Q The answer is no? 


2 MR. WOOD: Objection as to form. 


2 


A Based on Laube's data. 


3 THE WITNESS: I can only tell what portion 


3 


Q The answer is no? 


4 was inhaled and deposited. And then there is always 


4 


MR. WOOD: Objection as to form. 


5 the possibility, not by myself but of her then taking 


5 


THE WITNESS: The answer is no. 


6 her blood levels and translating that into what was 


6 


BY MS. PFEIFFER: 


7 absorbed. 


7 


Q The answer is no. 


8 BY MS. PFEIFFER: 


8 


A Yes. 


9 Q But, again, from this reference you don't 


9 


Q When you shake your head, the court reporter 


1 know that? 


10 


can't take your answer. She is a genius in most ways. 


11 A No, no, unless I reread it and could see 


11 


but not that way. 


1 2 where she did that. But I don't think she did. 


12 


A So the answer would be no. 


13 Q And you have focused paragraph 15 on 


13 


MS. PFEIFFER: I am going to ask her to mark 


1 4 depositing insuhn in the lung; is that correct? 


14 


as Exhibit 10 an article by Laube. 


15 MR. WOOD: Objection as to form. 


15 


(Dolovich Exhibit No. 10, marked for 


16 THE WITNESS: Well, in the last sentence of 


16 


identification.) 


1 7 that paragraph, I make the statement that a portion of 


17 


BY MS. PFEIFFER: 


18 the insuhn particles inhaled into the lungs would be 


18 


Q It is entitled Proving the Efficacy of 


1 9 absorbed into the bloodstream, as she demonstrated. So 


19 


Insuhn DeUvered Through the Lungs as an Aerosol. 


2 that would be deposition and absorption. 


20 


A Uh-huh. 


21 BY MS. PFEIFFER: 


21 


Q I would hke to direct you to page 168, which 


2 2 Q And those two things are different; is that 


22 


is the next to last page of the article. The last 
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1 paragraph says, Additional studies are necessary to 


1 


small airways, or lymphatics needs to be identified). 


2 prove the efficacy of insuhn dehvered through the 


2 


Did I read that correctly? 


3 kings as an aerosol. The next step should be to 


3 


A Yes, you did. 


4 determine the effective dose of aerosolized insulin to 


4 


Q And how do you understand that statement? 


5 normalized blood glucose levels after a meal and to 


5 


A That it had - well, there was no information 


6 investigate whether the effectiveness of the dose and 


6 


to say specifically where the site of absorption was. 


7 covering meals of similar glycemic potential varies 


7 


In other words, was it all from the alveoli surface; 


8 throughout the day. Questions concerning the safety of 


8 


all from the small airways; combination of the two; 


9 chronic administration of aerosolized insulin through 


9 


what percentage on each surface. 


1 the lungs also needs to be answered. The 


10 


Q And what does the reference to lymphatics 


1 1 reproducibility of the glucose response during periods 


11 


mean? 


12 of fasting and after meals is unknown. 


12 


MR. WOOD: Objection as to form. 


1 3 Did I read that correctly? 


13 


THE WITNESS: That's a drainage system in the 


14 A Uh-huh. 


14 


body that takes fluid away. And that can - particles 


15 Q What do you understand her to mean by the 


15 


can be picked up by the lymphatic circulation once they 


1 6 reproducibility of the glucose response during the 


16 


get out of the airway. 


1 7 periods of fasting and after meals is unknown? 


17 


BY MS. PFEIFFER: 


18 MR. WOOD: Objection as to form. 


18 


Q So out of the bloodstream? 


19 THE WITNESS: I think that when you are - 


19 


A Or out into the alveoli, uh-huh. 


2 well, first of all, what she is seeing, that the 


20 


Q Then the next sentence says. Finally, it is 


2 1 reproducibihty of the response when a person is 


21 


not known if the insulin that is inhaled is the 


2 2 fasting versus when they have eaten was not known at 


22 


effective agent in lowering plasma glucose or if the 
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1 that time for inhaled insulin. 


1 


effect is the result of a metabolite created during the 


2 BYMS.PFEIFFER: 


2 


absorption process. 


3 Q As well as the reproducibility of the 


3 


Did I read that correctly? 


4 response after eating. Is that not correct? 


4 


A Yes, you did. 


5 A And after meals. 


5 


Q Do you have a present understanding of what 


6 Q She says both of those. So this was early 


6 


that sentence means? 


7 days. This was in 1992? 


7 


A I have a general understanding. 


8 A Early days for making — for developing this 


8 


Q Canyou tellme whatitis? 


9 means of treating diabetes with inhaled insulin. So as 


9 


A That she is understanding that there are 


1 with subcu, a lot of things were unknown and then 


10 


metabolites of insulin that are produced from the 


1 1 worked out. And my interpretation of her sentence, she 


11 


insulin molecule and whether it is those that, in fact. 


12 is just saying that more information is needed. 


12 


are effective in lowering glucose as opposed to the 


13 Q To be able to reproduce the glucose response? 


13 


insulin molecule itself. 


14 MR. WOOD: Objection as to form. 


14 


Q All right. Can you refer now to paragraph 16 


15 THE WITNESS: More measurements are required 


15 


of your opinion? Oh, I am sorry. I did it again. In 


16 to assure one that the glucose response would be 


16 


15 where you say, "I disagree that one of ordinary 


1 7 reproducible, given same patient, given same dose. 


17 


skill in the art would not expect the Velasquez sheet 


1 8 given the same status, all of those things. 


18 


material to reproducibly dehver sufficient amounts of 


19 BYMS.PFEIFFER: 


19 


insulin to treat diabetes merely because of the 


2 Q Okay. If you skip down one sentence in that 


20 


molecular differences between insulin and the other 


2 1 same lead-over paragraph on top of page 169 it says. 


21 


drugs identified by Velasquez," what did you mean by 


2 2 Furthermore, the site of absorption (i.e., alveoli. 


22 


one of ordinary skill in the art? 
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1 A I think the Dr. Crystal has a definition for 


1 


has a wavelength at which it will absorb light, for 


2 one of ordinary skill in his report. And so I read 


2 


example. And you use that approach through a machine 


3 that definition and used it in that context. 


3 


called a spectrophotometer, an ultraviolet light 


4 Q So you mean the same thing that Dr. Crystal 


4 


spectrophotometer. And you get your sample, dissolve 


5 meant? 


5 


it, put it in a spectrophotometer. And it measures 


6 A I beheve so, yes. 


6 


quantity. It measures concentration. And you 


7 Q All right. Looking at 16 then, again, you 


7 


translate that concentration into an absolute quantity 


8 say what you are responding to. It says, I have been 


8 


of the drug. 


9 asked to respond to Dr. Crystal's opinion expressed in 


9 


Q When you say an absolute quantity of the 


1 paragraphs 5 3 and 54 of his expert report that quote, a 


10 


drug, do you mean the amount of dmg that goes into the 


1 1 person of ordinary skill in the art could not 


11 


inhaler? 


1 2 experiment with insulin powder suggested in Velasquez 


12 


A The amount of drug that you have sampled. 


1 3 and used in conjunction with the inhaler taught in 


13 


Q Where have you sampled it from? 


14 Schenk, to determine the claimed, single quote, 2-10, 


14 


A You have sampled it into your impactor. So 


1 5 closed single quote, range or to lower or control 


15 


it is sampled on different plates of the impactor, so 


1 6 glucose levels, closed quote. 


16 


to speak. And those plates are washed off with 


17 Did I read that correctly? 


17 


solvent, and the drug assayed. So that's one way of 


18 A Uh-huh. 


18 


quantifying the amount of drug in each size range 


19 Q And then you say that you disagree with that 


19 


within your aerosol. 


2 statement; is that correct? 


20 


And then if you captured the emitted dose. 


21 A That's what it says, yes. 


21 


you would do the same thing. You would wash your 


2 2 Q And do you, sitting here today, continue to 


22 


sampling tube with solvent. You might have to dilute. 
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1 disagree with that statement? 


1 


but you would end up being able to measure a quantity 


2 A Yes, I do. 


2 


of drug that would be what came out of the inhaler when 


3 Q The next sentence in paragraph 16 says, A 


3 


it was dispensed -- the dose was dispensed. 


4 person of ordinary skill in the art, as Dr. Crystal 


4 


Q Okay. And how would those methods enable you 


5 defines it, would certainly be famihar with methods 


5 


to determine the dose? 


6 for determining dose in existence by January 29, 1993, 


6 


MR. WOOD: Objection as to form. 


7 and would have the laboratory skills to implement those 


7 


THE WITNESS: I just described how. 


8 methods. 


8 


BYMS.PFEIFFER: 


9 Did I read that correctly? 


9 


Q Is that the dose that needs to be given or 


10 A Yes, you did. 


10 


the dose that was given? 


11 Q What methods were you referring to? 


11 


MR. WOOD: Objection as to form. 


12 A Methods of being able to characterize an 


12 


THE WITNESS: It all depends what you are 


1 3 aerosol, such as I described earher using a cascading 


13 


doing. If you are looking at the in vitro properties 


1 4 factor, methods for capturing the emitted dose. 


14 


of your delivery system with your drug in it, you would 


15 Q Sorry. Did you say for capturing the emitted 


15 


be measuring, you would be setting up the method on the 


1 6 dose? 


16 


bench in the laboratory, and collecting samples that 


17 A Yes. 


17 


would be indicative of your total dose and of the size 


18 Q Anything else? 


18 


fractions within the aerosol. 


19 A Those were the - and methods for assaying 


19 


If you recall. Dr. Laube used an absolute 


2 drugs. 


20 


filter placed between the delivery system and the mouth 


21 Q What do you mean by assaying drugs? 


21 


of her subjects -- each subject. They breathed the 


2 2 A Measuring the drug quantity. So each drug 


22 


insulin, according to protocol she developed. And she 
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1 was able to assay the amount of insulin on her absolute 

2 filter. And that gave her an indication of how much 

3 drug would be inhaled into the mouth. 

4 BYMS.PFEIFFER: 

5 Q All right. And then we had to go beyond that 

6 to determine how much was deposited in the lung and 

7 beyond that to determine how much, if any of that, was 

8 absorbed into the bloodstream or otherwise affected the 

9 glucose levels in the blood? 

10 A Right, correct. 

11 MR. WOOD: Objection as to form. 

12 BYMS.PFEIFFER: 

13 Q So what's the -- that's what I am trying to 

1 4 understand because, as I understand Dr. Crystal, he is 

1 5 talking about using the Velasquez and Schenk to come up 

1 6 with a range of drug dosage. Is that how you 

1 7 understood it? 

18 MR. WOOD: Objection as to form. 

19 THE WITNESS: I don't understand it that way. 
2 BYMS.PFEIFFER: 

21 Q Well, why don't I just ask the question. 

2 2 What do you think Dr. Crystal is saying in that portion 
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the orifice. 

I cannot claim to interpret what Ron Crystal 
meant fully. Was he saying that a scientist wouldn't 
have the wherewithal to think I can deliver insulin 
from my idea for an inhaler or my idea for a means of 
providing multiple unit doses? Is he saying — is that 
what he is saying? 

Q I am trying to understand what you understood 
so I understand your response to it better. 

A Well, that's my understanding that he is 
saying that a person of ordinary skill would not be 
able to do that - would not think of insulin as a 
possibility, would not be able to do the measurements. 
You know, that's — I am using his words. 

Q What's your understanding of his words that I 
am trying to understand myself so that I can better 
understand your response? And I guess, then, if 
your — so you are saying that a scientist having read 
Velasquez and Schenk could go into the laboratory and 
perform experiments using known protocols for testing 
how much of an inhaled drug gets deposited into the 
lungs. You could do that with insulin? 
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1 of his opinion that you quote in paragraph 16? 

2 A My interpretation of what Dr. Crystal is 

3 saying is that a person of ordinary skill could not 

4 experiment with insulin powder using a system, such as 

5 described in Velasquez or in Schenk. In other words, a 

6 person of ordinary skill would not be able to go into 

7 the laboratory with a pot of insulin powder and test 

8 their inhaler or test their dose delivery system, their 

9 dimple system with insulin. That's what he is saying. 

10 Q That's your understanding? 

11 A Uh-huh. 

12 Q Why do you think he says. The experiment with 

1 3 insulin powder suggested in Velasquez and used in 

14 conjunction with the inhaler taught in Schenk. How do 

1 5 you understand that? 

16 MR. WOOD: Objection as to form. 

17 THE WITNESS: Velasquez describes a method of 

1 8 providing multiple unit doses of powdered drug. Schenk 

1 9 describes several variations of a dry powder inhaler, 
2 which can be filled. It is a reservoir-type device 

2 1 within a means of dipping into the reservoir to give 

2 2 you a unit dose. A unit dose is then carried through 
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MR. WOOD: Objection as to form. 

THE WITNESS: I guess that's correct. He - 
there are in vitro measurements and there are in vivo 
measurements. And one can do either/or or both. 

BYMS.PFEIFFER: 
Q You have addressed in your answer, I think, 
only the in vitro measurement; is that right? 

MR. WOOD: Objection as to form. 

THE WITNESS: Yes, but I also mentioned 
Dr. Laube, who I would define as a person of ordinary 
skill, maybe even extraordinary skill. And she 
certainly was able to make in vitro and in vivo 
measurements using insulin. 

BYMS.PFEIFFER: 
Q Do you know whether Dr. Laube determined a 
dosage that came within the 2 to 10 range of the 
claims? 

A Dr. Laube determined the number of 
inhalations each of her subjects would need to take 
from her delivery system. If you look at her data, she 
mentions a range of inhalations between six and 13. So 
one subject might need six inhalations; another subject 



50 (Pages 194 to 197) 



Alderson Reporting Company 
1-800-FOR-DEPO 



28adf66a-437e-49da-b70b-f1 4976046527 



Case 1 :06-cv-01 896-CKK Document 27-6 
Myrna B. Dolovich 



Filed 04/02/2008 Page 52 of 61 

February 12, 2 00£ 



Alexandria, VA 



Page 198 

1 might need 13. Another might need 8, 10, 11. She 

2 specifically measured the required dosage for each of 

3 her subjects. 

4 Now, she started out with a filled pot of 

5 insulin at a standard concentration. She did not 

6 double that concentration, triple that concentration to 

7 say that everybody would take the same number of 

8 inhalations. So she equalized the dose by varying the 

9 number of inhalations subjects would need to take. 

1 Now, one could approach it from the other way 

1 1 and that you have your dose dimple, for example. And 

1 2 due to the inefficiencies of your delivery system, you 

1 3 may need to put in twice as much powder or 10 times as 

1 4 much powder in order to equalize the dose available at 

15 the mouth. 

16 So it is an approach. Both approaches are 

1 7 used to deliver what — you try to deliver the same 

1 8 dose of drug to your subjects. You deliver at the 

1 9 mouth, let's say. And then from there, the patient 
2 takes over. 

21 Q And where in Laube do you see a teaching of 

2 2 the 2 to 10 range in the patent claims? Maybe we 
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1 supplying a predetermined amount of dry insuhn powdei 

2 to an inhalation device; B, releasing a pressurized gas 

3 over the predetermined amount of dry insulin powder to 

4 create an aerosolized suspension comprising powder 

5 suspended in air, wherein the aerosolized suspension 

6 contains an amount of insuhn that is 2 to 10 times 

7 higher than the amount needed to be absorbed in the 

8 bloodstream of the patient. 

9 Did 1 read that correctly? 

10 A Uh-huh. 

11 Q For A and B? 

12 A Uh-huh. 

13 Q So can you explain to me how it is that using 

14 the methods that you just described to me a person of 

1 5 ordinary skill in the art would be able to determine 

1 6 that the suspension you use to contain an amount of 

1 7 insuhn that is 2 to 10 times higher than the amount 

1 8 needed to be absorbed in the bloodstream of the 

19 patient? 

2 MR. WOOD: Objection as to form. 

21 THE WITNESS: Well, we are talking about the 

2 2 inefficiency of the dehvery system, number one, and 
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1 should look at what those are. 

2 MR. WOOD: Objection as to form. 

3 MS. PFEIFFER: I am going to ask the court 

4 reporter to have that marked as Exhibit 1 1 . 

5 (Dolovich Exhibit No. 11, marked for 

6 identification.) 

7 BY MS. PFEIFFER: 

8 Q Exhibit 1 1 is a document entitled Amendment 

9 After Final. Have you seen this document before, 

1 Ms. Dolovich? 

11 A Yes, I have. 

12 Q And is this one of the things that you 

1 3 reviewed in forming your opinion? 

14 A Yes. 

15 Q Directing your attention to Claim 22, which I 

1 6 think is one that you actually quote in your opinion, 

1 7 paragraph B refers to the 2 to 10 range. Is that the 

18 2 to 10 range that you also referred to in paragraph 16 

19 of your opinion? 

2 A Uh-huh, yes. 

21 Q And the claim, then, is a method for treating 

2 2 diabetes meUitus in a patient comprising steps of. A, 
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the abihty to normalize for that inefficiency by 
loading it with different amounts of insuhn and that 
you might have a system that is 10 percent efficient or 
a system that is 50 percent efficient. But in order to 
normalize so that the patient will have available to 
them at the mouth a similar dose - the same dose from 
the delivery system, you would adjust the amount of 
drug put in the system. 

Q But how would you - how would you have 
identified from the methods that you have described 
that the desirable range was 2 to 10 times higher than 
the amount need to be absorbed? 

MR. WOOD: Objection as to form. 

THE WITNESS: Well, as Velasquez did in his 
patent in his designing of his system, he varied the 
depth of the dimple containing the powder, 1 think, two 
or threefold and measured the amount of drug released 
from that dimple and the respirable portion of that 
dose. 

So let's say, for example, a company using 
his method of providing multiunit doses decided to use 
a dimple that was in the middle, the mid value, which 1 
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1 can't remember. I think it is 28 micrometers in 

2 depth. So they would fill it with enough insulin to 

3 get a dose out that would be useful for treatment. 

4 Let's say another company decides to use a 

5 similar method in their system but they are saying, I 

6 am going to make the dimple 14 micrometers in depth for 

7 whatever reason. And, therefore, I would need a 

8 different amount of insulin released in order to get 

9 the same dose as my competitor. That would be one 

1 trail of thought that one could follow. 

11 So what I am saying to you is that the 2 to 

12 10 times higher is a range based on efficiency of 

1 3 delivery from changes in the parameter in your design 

1 4 and would not be -- it would be a way of taking into 

1 5 account the inefficiency of a delivery system for 

1 6 providing a useful aerosol. And it would work for 

1 7 insulin. It would work for a bronchodilator. 

18 BYMS.PFEIFFER: 

19 Q So it wouldn't matter what the actual drug 
2 being delivered was? 

21 MR. WOOD: Objection as to form. 

22 THE WITNESS: That approach could be a 
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way of getting into the lung? 

BYMS.PFEIFFER: 
Q Well, if we can look back into Exhibit 10 at 
the very bottom of 168 to 169, she says. The 
reproducibility of the glucose response during periods 
of fasting and after meals is unknown. 
A Uh-huh. 

Q So that method doesn't tell you how much 
glucose you are going to have in the blood. Is that 
not correct? 

MR. WOOD: Objection as to form. 

THE WITNESS: When you are providing a method 
for delivering a drug aerosol to the lung — and 
insulin is a drug that needs a lot of information about 
it — you want to repeat the measurements on an 
individual a number of times — three times, four 
times, 10 times. You have a statistical means of 
determining what would give you valid information. 

Her experiments were done once in each 
individual — actually, twice in two people with a 
different quantity. And so she did not take the same 
individual, expose them five times to the same aerosol 
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1 universal approach — a generic approach. 

2 BY MS. PFEIFFER: 

3 Q And that - I guess I am still not 

4 understanding how — you are saying that — how it gets 

5 you to a 2 to 10 times higher - a dose that's 2 to 10 

6 times higher than the amount needed to be absorbed. 

7 You are telling me that you are working from the 

8 inefficiency of your delivery device. And we know that 

9 that goes to — doesn't get into your lungs. 

10 A Uh-huh. 

11 MR. WOOD: Objection as to form. 

12 BYMS.PFEIFFER: 

13 Q But we have also talked today about all of 

1 4 the other complexities that it takes to get from being 

1 5 deposited in your lungs into your bloodstream. 

16 A Uh-huh. 

17 Q And I believe we just saw in Laube that she 

1 8 couldn't tell you exactly how much. She didn't have a 

1 9 reproducible way of getting insulin into the lung? 
2 MR. WOOD: Objection as to form. 

21 THE WITNESS: No, she doesn't say that. 

2 2 Where does she say that she doesn't have a reproducible 
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to get a mean and standard deviation of their response 
while fasting and while eating. And so that's what she 
is referring to. In 1962 when this paper was 
written — 

BY MS. PFEIFFER: 

Q It is 1992. 

A Sorry. 1992. She had not collected that 
data. So you would, as an investigator, as a drug 
company, as a reviewer at the FDA not approve of a 
system without data on reproducibility. And in vitro 
reproducibility would be one aspect. And in vivo 
reproducibility with real live people would be 
another. So she is just commenting that we need that 
data. We need data on reproducibility under different 
scenarios for the diabetic patient to produce 
information that would be acceptable on many levels. 

Q And you would need such information in order 

to be able to treat a diabetic; is that right? 

MR. WOOD: Objection as to form. 

THE WITNESS: That would be the end product, 

sure - the end reason. You know, a physician treating 

a patient with inhaled insulin would want to know that 
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1 information. 

2 BY MS. PFEIFFER: 

3 Q So you couldn't treat a patient with diabetes 

4 without knowing that you could give a reproducible dose 

5 to that patient; is that correct? 

6 MR. WOOD: Objection as to form. 

7 THE WITNESS: You wouldn't treat a patient 

8 with inhaled insulin without, one, knowing that the 

9 system will reproducibly give you the dose; and, two, 

1 that the patient responds under the same set of 

1 1 conditions would be reproducible. 

12 BY MS. PFEIFFER: 

13 Q Okay. So the — what's your understanding of 

14 the function of the 2 to 10 hmitation in Claim 22? 

15 MR. WOOD: Objection as to form. 

16 THE WITNESS: My understanding is that it is 

17 a way of normahzing the dose administered. 

18 BY MS. PFEIFFER: 

19 Q What do you mean by normahzing? 

2 A Equalizing or understanding that one system 

2 1 would give you — if one system has an efficiency of 

2 2 10 percent, if one system as an efficiency of 



Page 208 

because that is the term that's used, what you are 
administering to the patient. 

You are not saying that if I had System A and 
System B and I didn't adjust for the inefficiency of 
the dehvery system that I am going to get the same 
amount into the bloodstream. I am not saying that at 
all. I am saying that once you provide the same dose 
to the mouth - same patient, same conditions - you 
would expect the response to be the same. 

Q The next sentence in here of paragraph 1 6 of 
your opinion says. In doing so, a person of ordinary 
skill in the art could safely expose humans to 
inhalable insuhn and thereby determine both the 2 to 
10 range and how to adjust the dose to lower or control 
glucose levels to treat diabetes. 

A Uh-huh. 

Q Can you explain what you mean in that 
sentence? 

A Well, let's take Laube as an example. And 
she determined what the individual dose would be for 
each of her subjects from her delivery system. And 
that dose varied in order to give her what she wanted a 
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1 50 percent, that in order to have this situation where 

2 both are delivering to the mouth the same amount of 

3 drug, you would need to adjust the amount put into the 

4 system. 

5 Q But looking at it that way, that just means 

6 that you would get a certain amount into the mouth; 

7 isn't that correct? 

8 A Uh-huh, yep. 

9 Q What does that tell you about how much of 

1 that is going to be absorbed into the bloodstream of 

11 the patient as required by Claim 22? 

12 MR. WOOD: Objection as to form. 

13 THE WITNESS: Well, let's say that you have 

1 4 System A and System B. And you have adjusted the 

1 5 amount so that what comes out of the system that would 

16 be inhaled into the mouth is the same. And you are 

1 7 dealing with the same person. So you would anticipate 

18 or expect that having given the same amount of drug 

1 9 from System A and System B that it would be inhaled, 
2 deposited in the same way, and absorbed into the 

2 1 bloodstream in the same percentage. So that you are 

2 2 dealing — you are, 1 will say normalizing again. 



Page 2 09 

certain level of dosage to be administered. And so she 
used the number of breaths from her system to be able 
to do that. 

And so she was able to take her system and 
expose patients to insulin and got measurements of the 
deposition and amounts absorbed in the blood - at 
least plasma levels - to show that the dmg was 
getting from the lung into the blood. 

Q Have you, yourself, ever determined a dose to 
be given to a diabetic — a dose of insulin? 

A No, I haven't. 

Q So you have never actually used any of these 
methods that were in existence by January 29, 1993, in 
your laboratory skills to come up with a dose of 
insulin per patient? 

MR. WOOD: Objection as to form. 
THE WITNESS: I wasn't working with insulin 
in 1992 or whenever it was you just mentioned. 
BY MS. PFEIFFER: 

Q January 29, 1993? 

A Yeah. 

Q And you haven't done so since? 
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1 A No. We have - as I said, we have an ongoing 


1 


question is, no, you have not determined dosage? 


2 dog study using inhaled insulin. 


2 


MR. WOOD: Objection as to form. 


3 Q And have you come up with a dose to treat the 


3 


THE WITNESS: I have not determined clinical 


4 dogs to maintain particular glucose levels in their 


4 


dosage for treatment. 


5 blood as a result of having done those experiments? 


5 


BY MS. PFEIFFER: 


6 A We are not treating the dogs. We are giving 


6 


Q Okay. Do you know the type of persons to 


7 the dogs an insulin tracer measuring insulin levels in 


7 


whom Laube administered insuhn in the experiment that 


8 the blood and measuring glucose levels. 


8 


is embodied in her patent and in Exhibit 10? 


9 Q So the answer is you haven't determined a 


9 


MR. WOOD: Objection as to form. 


1 dose you would use with dogs or humans; is that right? 


10 


THE WITNESS: She had two normal subjects. 


11 MR. WOOD: Objection to form. 


11 


and she had six subjects with non-insuhn dependent 


12 THE WITNESS: Not with dogs. 


12 


diabetes. 


13 BYMS.PFEIFFER: 


13 


BY MS. PFEIFFER: 


14 Q Or humans? 


14 


Q So each of those subjects produced their own 


15 A Well, we haven't progressed to the human 


15 


insuhn; is that correct? 


16 study. 


16 


A Produced their own insulin? 


17 Q So the answer is no? 


17 


Q Yes. 


1 8 MR. WOOD: Objection as to form. 


18 


A You mean naturally? 


19 THE WITNESS: No. 


19 


Q Naturally in biological ways? 


2 BYMS.PFEIFFER: 


20 


A Yes. 


21 Q Have you used these laboratory methods and 


21 


Q So did Laube isolate from the glucose levels 


2 2 skills to determine a proper dose for any other drug 


22 


that she tested insuhn that was produced naturally by 
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1 for humans? 


1 


the patient and insulin that may have come from the 


2 MR. WOOD: Objection to form. 


2 


inhalation? 


3 THE WITNESS: It wouldn't be my place to 


3 


MR. WOOD: Objection as to form. 


4 determine a dose for treatment. It would be my - my 


4 


THE WITNESS: I don't know. I don't know. 


5 laboratory could measure efficiency of the dehvery of 


5 


BY MS. PFEIFFER: 


6 different delivery devices, the way drugs — how much 


6 


Q And she doesn't address that issue in her 


7 of a dmg is deposited into a lung; whether it is 


7 


patent, does she? 


8 deposited in the central airways versus the very 


8 


MR. WOOD: Objection as to form. 


9 peripheral parts of the lung that I can see; sometimes 


9 


THE WITNESS: I don't think she does. She 


1 chnical response. 


10 


does not. 


11 So I would not be asked to determine a dose 


11 


BY MS. PFEIFFER: 


1 2 for treatment. I would be asked to comment on 


12 


Q And going back to paragraph 16, how would the 


1 3 efficiencies of delivery of System A versus System B. 


13 


use of the methods and laboratory skills that you 


1 4 And, therefore, if you had a system that was twice as 


14 


identify enable a person of ordinary skill to safely 


1 5 efficient, then one would say you could put in half the 


15 


expose humans to inhalable insulin? 


1 6 dosage you would in another system in order to get the 


16 


MR. WOOD: Can I have the question read 


1 7 same amount. 


17 


back? 


18 BYMS.PFEIFFER: 


18 


(The record was read back as follows: 


19 Q In order to get the same amount of the drug 


19 


"Q: And going back to paragraph 16, how would 


2 dehvered - 


20 


the use of the methods and laboratory skills 


21 A To the mouth, yes. 


21 


that you identify enable a person of ordinary 


2 2 Q - to the mouth. So the answer to my prior 


22 


skill to safely expose humans to inhalable 
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1 insulin?") 


1 


she did. 


2 MR. WOOD: Objection as to form. Asked and 


2 


BY MS. PFEIFFER: 


3 answered. 


3 


Q To treat diabetes? 


4 THE WITNESS: Well, I think that, as I said 


4 


A Yes. I mean, but, no, it is a leap from a 


5 earlier, Laube would be definitely a person of ordinary 


5 


laboratory set of experiments to saying treat. When 


6 skill, maybe extraordinary skill. She did her 


5 


you say treat, she is not a physician. She is 


7 homework, so to speak. She had physicians as part of 


7 


providing information that would say inhaled insuhn 


8 her research team. They had approvals to administer 


8 


could be a useful method for treating patients with 


9 insuhn by the inhaled route as preliminary 


9 


diabetes. It can be dehvered to the lung. It can be 


1 investigations. And she did her experiment. 


10 


absorbed from the lung. It can be picked up in the 


11 BY MS. PFEIFFER: 


11 


blood. It can lower glucose levels. 


12 Q And did she come up with a safe dosage of 


12 


Q Well, that has been known since 1925, hasn't 


1 3 insuhn for treating people with diabetes? 


13 


it? 


14 A That was not her point at that time to come 


14 


MR. WOOD: Objection as to form. 


15 up with a safe dose for treating diabetes. She came up 


15 


THE WITNESS: Not by the inhaled route. 


1 6 with a dose that was comparable to - I think she hsts 


16 


BY MS. PFEIFFER: 


17 in her patent a certain number of units per kilogram 


17 


Q It hasn't? You have never read Gonzway? 


1 8 that had been used clinically. And she was doing 


18 


MR. WOOD: Objection as to form. 


1 9 experiments to show that if she could administer that 


19 


THE WITNESS: In 1925? 


2 level of dosage of insulin, then she would be able to 


20 


BY MS. PFEIFFER: 


2 1 detect it in the blood of her subjects and thereby 


21 


Q Yes. 


2 2 saying she was able to deliver insuhn, deposit it in 


22 


A No, I have not. 
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1 the lung, have whatever percentage of it absorbed, and 


1 


Q Are you aware of any medical ethics issues 


2 detect it in the blood. 


2 


that would arise from using the methods and laboratory 


3 Q But you are referring to Laube as authority 


3 


skills that you identified to determine dosing for 


4 for your statement that a person of ordinary skill 


4 


treatment of diabetes? 


5 could safely expose humans to inhalable insuhn thereby 


5 


A I suppose if one's laboratory didn't have 


6 determining both the 2 to 10 range of dosage and how to 


6 


validated equipment, didn't have equipment that was 


7 adjust the dose to lower or control glucose levels to 


7 


calibrated, your numbers could be wrong. 


8 treat diabetes, are you not? 


8 


Q And we talked earlier in the day about the 


9 MR. WOOD: Objection as to form. 


9 


risks to the patient of getting the dose of insulin 


10 THE WITNESS: Those are Dr. Crystal's words. 


10 


wrong, right? 


11 BY MS. PFEIFFER: 


11 


A Uh-huh. 


12 Q Yes, but they are your words because you have 


12 


Q Can you, since you have Laube in front of 


1 3 adopted them and said that a person of ordinary skill 


13 


you, tell me where in Laube you find information that 


14 could do that? 


14 


suggests the 2 to 10 range of Claim 22? 


15 A Uh-huh. 


15 


A I think, as I said earlier, her approach to 


16 Q And the only evidence that you are offering 


16 


taking into account inefficiencies of delivery of 


1 7 me is Laube, who you say did not attempt to adjust the 


17 


variability of delivery to the mouth was to adjust the 


1 8 dose to control glucose levels to treat diabetes? 


18 


number of doses given so that she would be exposing her 


19 MR. WOOD: Objection as to form. 


19 


patients -- her subjects to the same dose of the 


2 THE WITNESS: I think if you read her patent. 


20 


mouth. 


2 1 she - in fact, one of her statements in the patent was 


21 


Now, she -- the 2 to 10 range was given in 


2 2 that she wanted to be able to lower glucose levels and 


22 


Velasquez, I believe. 
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1 Q Okay. Well, let's look at Velasquez, and you 


1 


interpreted that as being 5 percent released. 


2 can show me where in Velasquez that's suggested. 


2 


Q Okay. 


3 A I may be getting my patents mixed up. 


3 


A And of that 5 percent, 65 percent was in the 


4 Q I am going to ask the court reporter to mark 


4 


respirable range. 


5 Exhibit 12. 


5 


Q Okay. 


6 MR. WOOD: Sometime before four, if we could 


6 


A So that 5 percent of - 65 percent of 


7 take a sub five-minute break. 


7 


5 percent gives you 3.75 -- 1 think that is correct - 


8 MS. PFEIFFER: If you want to do it now, this 


8 


percent. And then you can do the same calculation. 


9 would be a good time. Take a quick break. 


9 


say, for the - he didn't give data for 45 micrometers 


10 (A recess was held.) 


10 


in depth. He did give it for 37. And so if you plot a 


1 1 (Dolovich Exhibit No. 1 2, marked for 


11 


graph of the numbers, you might be able to interpolate 


12 identification.) 


12 


and get a value that you can use and do the same thing 


13 BY MS. PFEIFFER: 


13 


and multiply that released times the respirable dose 


14 Q I think we can go back on the record. Ms. 


14 


fraction and get a number that would be indicative of 


1 5 Dolovich, if you wouldn't mind, I think before we left. 


15 


an upper range or range. 


16 my request was that you look at Velasquez and show me 


16 


Q Why would you do that? 


1 7 where in Velasquez there is support for the 


17 


A Why would I do that? 


18 2 to 10 range. 


18 


Q Why would you look at Velasquez and perform 


19 A Velasquez talks in column five about 


19 


the gyrations that you just performed? 


2 measurements that he has made on his prototype dosing 


20 


MR. WOOD: Objection as to form. 


2 1 system. So it is filhng it with medication, depending 


21 


THE WITNESS: Because you want to know the 


2 2 on the depth of his individual reservoirs of 


22 


variability and the dose available. And that's, in my 
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1 medication. And he talks about the variable amount 


1 


mind, the only way to do it. 


2 released or retained on the sheet versus depression 


2 


BY MS. PFEIFFER:. 


3 depth. And then he talks about respirable - particles 


3 


Q The variabihty and the dose available? 


4 in the aerodynamic diameter less than 6.4 and how that 


4 


A Or the - yes, the emitted dose. 


5 varies with the depression depth. 


5 


Q The dose available to what? To the inhaler 


6 So the amount retained on this sheet and the 


6 


or to the patient? 




7 


A To the inhaler, if you were to incorporate 


8 quahty of that aerosol versus depth of depression. 


8 


this as is into an inhaler. 


9 And he comes up with a 5 to 15 percent variability for 


9 


Q And why would you multiply the respirable 


10 the respirable size comparabihty. It says. Two trends 


10 


particle distribution times the amount of material 


1 1 result in the proportion of total medicament released. 


11 


released? 


1 2 and particles of respirable size remain generally 


12 


A To give you a dose. 


1 3 similar for the depression depth studied. So based on 


13 


Q A dose of drug that's within the respirable 




14 


range? 


1 5 depressions of varying depth. 


15 


A Uh-huh. 


16 So if you take the numbers and translate them 


16 


Q And you said that was 3 percent - 3.75 


1 7 into emitted dose, for example, and the percentage in 


17 


percent. I am very impressed you could do that in your 


1 8 the respirable range, you come close to the 2 to 10. 


18 


head, by the way. 


19 Q How do you do that? 


19 


A Okay. 


2 A Well, let's see. You have got your first 


20 


Q And then going through each of the different 


2 1 depth of the 14 micrometers. So 95 percent is retained 


21 


depths recited in Velasquez in the same way, you got 


2 2 on the sheet material at 14 micrometers. And I then 


22 


3.75 percent of the drug - from 3.75 percent to what 
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1 percent of the drug in the sheet material that was 


1 


dose? 


2 available? 


2 


A Well, dose is typically translated from 


3 A Yeah, there was another higher number. I 


3 


parameters such as this by multiplying the - that's 


4 just don't have it in my head at the moment. But you 


4 


the respirable dose. The emitted dose times the 


5 go through the same calculation. You have got three 


5 


respirable fraction. That gives you an idea of how 


6 points, two of which overlap. And then you take that 


6 


much of your drug, in fact, would be inhaled into the 


7 data, you can draw a graph, you can interpolate, and 


7 


lung. It gives you your upper limit. 


8 come up with a number for the last one. So it is a 


8 


Q And how does it tell you how much of it will 


9 means of just estimating what would be available if you 


9 


be absorbed into the bloodstream? 


1 were to construct your dosing mechanism of depressions 


10 


A It doesn't. 


1 1 that were 14 micrometers in depth or 37 micrometers in 


11 


Q It doesn't. So how does it tell you how much 


1 2 depth. 


12 


drug you need to deliver to the inhaler relative to how 


13 Q And what does that give you an estimate of? 


13 


much drug is going to be in the bloodstream? 


14 A It would give you an estimate of the 


14 


MR. WOOD: Objection to form. 


1 5 respirable dose. 


15 


THE WITNESS: You would need to do another 


16 Q And how does that tell you how much you need 


16 


set of experiments using human subjects, taking this 


17 to administer if what's respirable ranges from 


17 


delivery system, measuring the dose — the emitted dose 


1 8 3.75 percent of the dose to - I can't remember what 


18 


at the mouth, deposition, and guesstimating or 


1 9 your top number was. 


19 


estimating what percentage would get into the lung. 


2 A 2.74 is not respirable range. That is the 


20 


BYMS.PFEIFFER: 


2 1 percentage of - I mean, when you have talked before 


21 


Q And then from the lung into the bloodstream. 


2 2 about respirable range, you are talking micrometers. 


22 


right? 
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1 Q Right. But that's the percentage of the dose 


1 


A Well, as I said earlier, that's anybody's 


2 that has particles within the respirable range; is that 


2 


guess at this point. We are not saying that - I am 


3 right? 


3 


not saying that I know what percentage of a drug 


4 A Uh-huh. So he has stated that his respirable 


4 


inhaled is actually picked up in the blood. I am 


5 range goes from 65 to 10 percent when he varies the 


5 


saying only that drug inhaled and deposited in the lung 


6 depth of his bhster. 


6 


will appear in the blood in some portion of the 


7 Q Right. And I am trying to understand how 


7 


dehvery dose. 


8 that tells me that I need to use 2 to 10 times the 


8 


Q Will or may? 


9 amount of insulin that I end up with in the 


9 


MR. WOOD: Objection as to the form of the 


1 bloodstream? 


10 


question. 


11 A Okay. He is telhng you that the efficiency 


11 


THE WITNESS: It may. 


12 of delivery will vary depending on the final dimensions 


12 


BYMS.PFEIFFER: 


13 of that dosing sheet. 


13 


Q Did you review in connection with your 


14 Q Yes. 


14 


opinion the file wrapper for this application? 


15 A And he is saying that that emitted dose goes 


15 


MR. WOOD: Objection as to form. 


1 6 from 5 percent to 65 percent if he varies the depth 


16 


THE WITNESS: File wrapper for this 


1 7 from 14 micrometers to 45 micrometers. Of that 


17 


apphcation? 


18 5 percent, 65 percent is in the respirable range. And 


18 


BYMS.PFEIFFER: 


19 of the 35 percent - it doesn't give the portion, but 


19 


Q Did you review the complete file wrapper for 


2 it could be less than 10 percent is in the respirable 


20 


the apphcation for the patent in this case? 


2 1 range. 


21 


MR. WOOD: Objection to form. 


2 2 Q Right. And how do you translate that into a 


22 


THE WITNESS: I don't believe I did. 
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1 BY MS. PFEIFFER: 


1 


A Maybe 50 percent, maybe 25 percent. You 


2 Q Are you aware that the Patent Office relied 


2 


would — if I were going through this exercise, I might 


3 on Laube during the course of the prosecution of the 


3 


start off at 25 percent, get some measurements, see 


4 application? 


4 


that it was not a problem, and then double the dose. 


5 A No, I am not. 


5 


And if that was not a problem, then go to the full 


6 Q And so you don't know that there was a 


6 


dose, knowing all along what my clinical response 


7 rejection of the claims, based on Laube, that was later 


7 


measurements would be — my pharmacokinetic parameters. 


8 withdrawn by the examiner? 


8 


Q Once you selected your starting point, how 


9 MR. WOOD: Objection to the form of the 


9 


would you determine the final dose based on Harrison? 


1 question. 


10 


MR. WOOD: Objection to the form of the 


11 THE WITNESS: I can't - no. 


11 


question. 


12 BY MS. PFEIFFER: 


12 


THE WITNESS: h wouldn't be - it would be a 


13 Q All right. Can we talk about paragraph 17. 


13 


dose taken from Harrison using a fraction of that dose 


1 4 And I think we may have already covered this in the 


14 


and then applying it. 


1 5 beginning when I asked you about Harrison. But 


15 


MS. PFEIFFER: This is both terrifying and 


1 6 paragraph 17 says, I also disagree with Dr. Crystal's 


16 


suitable that the 13th edition of Harrison is going to 


1 7 statement that quote, injectable dosing as taught in 


17 


be our 13th exhibit. 


1 8 Harrison has no relevance to and cannot be supphed to 


18 


(Dolovich Exhibit No. 13, marked for 


1 9 inhalable insulin, closed quote. 


19 


identification.) 


2 Is that a correct reading? 


20 


BY MS. PFEIFFER: 


21 A Cannot be applied to. 


21 


Q Looking at Harrison, can you tell me whether 


2 2 Q I'm sorry. Apphed to inhalable insuhn. 


22 


the doses administered by subcutaneous injections 
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1 correct? 


1 


discussed in Harrison are the ones that you are 


2 A Yes. 


2 


referring to in paragraph 17? 


3 Q And then you go on to state. For example, the 


3 


A Well, he says on the left half column, last 


4 doses administered by subcutaneous injection that are 


4 


paragraph in the middle, he is talking about 


5 discussed in Harrison, or some fraction thereof,, would 


5 


conventional insulin therapy. He says. Adults of 


6 suggest a stating point for the administration of 


6 


normal weight may be started on 15 to 20 units a day in 


7 inhalable insulin, closed quote. Is that correct? 


7 


order to maintain control. 


8 A Yes, you read that correctly. 


8 


So if you are taking - I am just looking 


9 Q Okay. Now, what fraction of the doses 


9 


where he refers to Table 337.6. So he is identifying a 


1 discussed in Harrison could be used as a starting point 


10 


dose given by conventional therapy, one or two 


1 1 for the administration of inhalable insulin? 


11 


injections a day of Lentay, our MPH insulin, with or 


12 A Well, one would take the doses, the subcu 


12 


without the addition of small amounts of regular 


1 3 doses mentioned by Harrison. And being a cautious 


13 


insulin. So one to two injections a day, 15 to 20 


1 4 investigator, you would use a fraction. This is a new 


14 


units a day. And so one needs to go from units to 


1 5 method of delivering a dmg -- a novel method of 


15 


micrograms. 


1 6 dehvering insulin by aerosol. Then you would want to 


16 


Q And how would you do that? 


17 err on the side of caution. So rather than give the 


17 


A There is a conversion factor that's used. So 


1 8 full dose, you would be better off to give a portion of 


18 


if one were to say, okay, let's see, 20 units a day for 


1 9 that dose so that you would not create a situation that 


19 


a normal - an adult of normal weight. So if I were 


2 would be unpleasant. 


20 


saying I am going to see what happens with inhaled 


21 Q And do you know sitting here today what 


21 


insulin, I might start off at five units a day, five 


2 2 fraction would be appropriate? 


22 


units. Administer that five units by aerosol. 



(Pages 226 to 229) 



Alderson Reporting Company 
1-800-FOR-DEPO 



28adf66a-437e-49da-b70b-f1 4976046527 



Case 1 :06-cv-01 896-CKK Document 27-6 
Myrna B. Dolovich 



Filed 04/02/2008 Page 60 of 61 

February 12, 2 008 



Alexandria, VA 



Page 23 




Page 232 


1 Q How would you pick that number? 


1 


A Well, we are talking about collecting 


2 A That would be a quarter. You divide 20 by 


2 


information to support a method of inhahng insulin 


3 four, you get five. So if I were a cautious 


3 


that is different from the subcutaneous route. And in 


4 investigator, then I might say I am going to start my 


4 


order to do that, you cannot just show up at the door. 


5 dose response curve at 25 percent of max. 


5 


so to speak, with an inhaler filled with insulin and 


6 Q You are aware, though, that underdosing with 


6 


say, I am going to treat you with this. That would be 


7 insuhn is just as deadly as overdosing with insulin. 


7 


foohsh. That would cause - could cause all sorts of 


8 right? 


8 


problems. You need to obtain a body of data that 


9 MR. WOOD: Objection as to form. 


9 


characterizes that system that tests it in a number of 


10 THE WITNESS: Right. But we are not doing 


10 


patients so that you can go out there and say, I have a 


1 1 these experiments to treat at the time. If you give a 


11 


system that works; I can provide unit doses containing 


1 2 subeffective dose to a patient, they are in your 


12 


X milligrams of insulin; I know what the efficiency of 


1 3 experiment and then they are treated with their regular 


13 


dehvery of my system is over X number of subjects; and 


1 4 dose. It is not that you would ignore what the 


14 


we have enough chnical data using that system to say 


1 5 requirements are for effective treatment. But you 


15 


that it is workable. 


1 6 would use your new method giving a portion of the dose 


16 


Q Are you aware - 


17 to enable to get a response in that person. And then 


17 


A And successful. 


18 at the end of your measurements, the physician would 


18 


Q I didn't realize you weren't finished. Are 


1 9 then most hkely top it up, so to speak, for that 


19 


you aware of any literature prior to January 29, 1993, 


2 patient on that day. 


20 


that provides a dose for inhalable insulin? 


21 BYMS.PFEIFFER: 


21 


A There were a number of small animal studies 


2 2 Q And so you think it is easier to do that as a 


22 


that I beheve looked at doses that would lower the 
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1 corrective maneuver than to give a higher dose. Is 


1 


glucose level. 


2 that what you meant by being cautious? 


2 


Q In human beings? 


3 A Yes, I would do that. 


3 


A I said animal studies. 


4 Q How would you determine what the dose was to 


4 


Q So not in human beings? 


5 deliver that number of units - five units? 


5 


A Well, I shouldn't say no. I think there was 


6 A Weh, let's say I was using Laube's system or 


6 


a study in Germany. 


7 not using Laube's system. I would use a collection of 


7 


Q And when was that? 


8 the emitted dose on an absolute filter with a patient 


8 


A I would have to find the reference -- Deidra 


9 breathing on the system, knowing that I was putting 


9 


Kohler. 


1 five units into the reservoir and then assaying what 


10 


Q And did that study - do you know who 


1 1 was emitted with their breath pattern in terms of 


11 


conducted the study? 


1 2 insuhn. 


12 


A I know the person, but I don't know the 


13 Q And then what would you do? 


13 


detail. 


14 A Well, if I was following her protocol, I 


14 


Q Do you know the name? 


1 5 would have given a tech colloid to see what percentage 


15 


A Yes. 


16 my delivery drug was going to be deposited in the lung 


16 


Q And who is it? 


1 7 and then give the insulin without the absolute filter. 


17 


A Deidra Kohler, K-o-h-l-e-r. 


18 Q So you are talking about conducting another 


18 


Q And is he a recognized authority in the 


1 9 experiment - 


19 


field? 


2 A Uh-huh. 


20 


A He is a good investigator. I don't know -- 


21 Q - to determine dosage, not treating someone 


21 


he is a chest physician or an internist. 


2 2 with inhalable insuhn? 


22 


Q And do you know whether he has done a lot of 
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1 research in diabetes? 


1 


AFFIDAVIT OF DEPONENT 


2 MR. WOOD: Objection as to form. 


2 




3 THE WITNESS: I don't know. I haven't looked 


3 


I have read the foregoing deposition, which 


4 athisCV. 


4 


contains a correct transcription of the answers given 


5 BY MS. PFEIFFER: 


5 


by me to the questions therein recorded, except as to 


6 Q And it is your understanding that his work 


6 


errors which may be indicated on any attached errata 


7 came up with a dose for inhalable insuhn to bring 


7 


sheet. 


8 levels of insuhn within the normal range to be able to 


8 




9 treat a patient with diabetes? 
10 A I don't know that for sure. I would have to 


9 

10 
11 
12 
13 


MYRNA B. DOLOVICH 


1 1 get his publication. 

12 Q And is there any other literature that comes 

13 to your mind as teaching treatment of diabetes through 


Subscribed and sworn to before me this 
day of . 20 . in 


1 4 inhalable insulin prior to January 29, 1993, in 

15 prescribing dosages? 


14 
15 


Notary Pubhc 


16 A Those are two different things. 


16 




17 Q No, it is part of the same thing. 

18 MR. WOOD: Objection as to form. 


17 
18 


My Commission Expires: 
.20 


19 MS. PFEIFFER: It's prescribing the dose for 


19 




2 treating patients with insulin. 


20 




21 MR. WOOD: Objection as to the form of the 


21 




2 2 question. 


22 




Page 235 






1 BY MS. PFEIFFER: 






2 Q Inhaled insuhn, yes. 






3 A Well, there is a study in 2002 in rats. But 






4 you are asking for human studies. 






5 Q I was asking for human studies, and I was 






6 also asking for ones prior to January 1 of 1993. 






7 A Well, there are none on my list of 






8 publications, but I would need to look through the 






9 reference lists of some of the papers to be able to 






1 answer fuhy. 






11 MS. PFEIFFER: Okay. Can I just have two 






1 2 minutes to check and make sure there is nothing I have 






1 3 forgotten, and then we can clean up and get you out of 






14 here. 






15 THE WITNESS: Sure. 






16 (A brief recess was held.) 






17 MS. PFEIFFER: I have no further questions. 






18 I am sure you thought I would never say that. Thank 






1 9 you very much for your patience. 






2 MR. WOOD: We have no questions. 






2 1 (At 5:45 p.m., the deposition was concluded.) 






22 
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t Wassc 



Das 



,i,e Flaschen P, und P., mit leinenen Tiiche: 
— a Zimniertemperatur durchtrankt blind 
w'aiser wird dann durch die Erwarmung verdunsten und da- 
durcii wietier fiir eine automatisch eiatretonde, uni^efahr ent- 
sorechende Abkuhlang Serge getragen; auch ■,v^^d die Luf: 
ehe sie aus der eben gesenktcn Flaiche P, oder P, in da: 
i;nirometer zuriickgedrangt wird, ncch durch die in einen- 
\\as:,erbad gestellte Flasche W, bzw. tF., <eU'itet. AuCerderr 
.lienen diese Flaschen noch dazu, die Luit, die uber der ICali- 
lau-e eiaes Teils ihres Wasserdarr.pfe? i;eraubt 'vorden ist 
vv.eder mit Wasserdampf zu sattigen. 

Fur weitere Details, sowie die genauen Dimensionen dt-; 
Apparares sei auf die in Kiirze erscheinende, ausfiihriiche Mit- 
:eiiung vcr^viesen. Wir sind jetzt damit beschaftigt, dieser 
anderen }detho<den zur Besidmmung des raensch- 



Ap^ar 



ocls zu vergieich 
daO dieser Verg 






1 zu sehr befriedigenden 
lesuUaten fuhrt, so daji wir unsere Mtthode tatsachlich ah 
lie ijcuaue, sehr einfache und schnell arbeitende Methode zur 
r/iphischeji BesiimmuTig des Gesamtgaswechsels keim Men- 
:/ien, ohne irgendwelche gasmiabytinche MafSnahme, empjehlen 



iJBER INHALATION VON INSULIN. 



(Vorstand: Prcf. O. MCLLER.) 

Die gleichuamige .Arbeit von Heubner, S. E. de Jongh 
und E. L.\QUEUR (.Amsterdam) aus Jg. 3, Nr. 51, S. 2342 dieser 
Wochenschr. gibt mir Veranlassung, meine in derselben Rich- 
tung sich bewegenden Untersuchungen, deren Ergebnisse ich 
bereits vor Erscheinen der genannten Arbeit in der Sitzung 
des Naturivissenschaftlich-Arztlichen Vereins vom i. XII. 1924 
an Hand von Blut- und Urinzuckerkurven einiger Patienten 
demonstriert habe (Protokoll dieser Sitzung erscheint auch 
in dieser Zeitschrift), ebenfalls zu veroffentlichen. Lieber hatte 
ich allerdings mit derVerbffentlichung meinerl'ntersuchungen, 
die ich ohne Kenntnis der Forschungen vorgenannter .Autoren 
untemommen habe, gewartet, bis deren praktische Brauch- 
barkeit einwandfrei erw-iesen gewesen ware. 

Bei meinem ersten Versuch handelte es sich um einen 
leichten, arteriosklerotischen Diabetiker, der nach Inhalation 
des gewohnlichen kauflichen Insulins mit dem Staubli-Inhala- 
uonsapparat bei gleichbleibender Kohlehydratbelastung eiue 
deutliche Senkung des Blutzuckerspiegels zeigte und im Urin 
zuckerfrei wurde. Irgendwelche unangenehme Begleiterschei- 
nungen hat er dabei nicht gehabt und nach .Aussetzen der 
Inhalation ging der Blutzucker wieder in die Hohe. Es zeigte 
sich dabei gleich, dafl die Verstaubung mit dem ublichen 
btaubli eine etwas umstandliche Sache war und relativ lange 
Zeit in Anspruch nahm. Ich ging deshalbdazu uber, kraftigere 
Inhalationsapparate in Anwendungzu bnngen, umauch grdliere 
Mengen von Insulin einverleiben zu konaen. Sehr willkom- 
men war mir dazu der von der Firma Kober jr., Chemnitz- 
Altendorf, hergestellte ..Riviera-Mignon-Inhalator", mit dem 
ich dann folgende Versuche durchfiihrte: Der Patient blieb im 
Laufe des Vcrmittags niichtern oder hekam hochstens eine 
ias.se Bouillon. Gleich zu Beginn wurde der Blutzucker fest- 
.yestellt und dann begann die Inhalation .'30- ~o Einheiten 
I halbstiindigen Intervailen rnit entsprechen- 



:uckerbes 
ben 3i.;h f 



30 



.130 



mungen. 
gende die 






Luf iie; 



Bei der praittischen Durchfuhrung dieser -Methode in der 
Behandlung klagten einzelne Kranke liber eintretende -Appe- 
titlosigkeit, die durch das dem Insulin zur Konservierung bti- 
gegebene Phenol verursacht \vurde. .Aus diesem Grunde wurde 
die Verwendung der nicht phenolisierten festen Insulinsub- 
stanz notwendig, die ja ebenfalls bei alien groBeren Firmen 
erhaitlich und dann in jeder beliebigen Konzentration selbst 
herzustellen ist. Die hohere Konzentration bot dabei den Vor- 
teil, daB sie die Inhalationszeit, die fiir die Einverleibung einer ' 
bestimmten I.-Einheitenzahl notwendig war, wesentlich ab- 

Durch Einstellung eines elektrischen Zerstaubers ,,Elektro- 
.\tmos" (Silten-Berlin), einer technischen Neuerscheinung, 
Oder einer Sauerstoffbombe, suchte ich die Wirksamkeit 
u-eiterhin zu erhohen. Dabei ergab sich allerdings, daB der 
Betrieb deshalb weniger sparsam war, weil die wahrend der 
E.-cspiration des Patienten erzeugten Insulindampfe verloren 
giugen, wogegen bei dem kleinen Inhalationsapparat ,, Riviera 
Mignon" jeweils nur zur Zeit der Inspiration durch Druck aut 
den GummibaU Insulindampfe erzeugt wurden. (Bei einem 
Vergleich mit der Injektions methode komme ich in meinen 
bisherigen Versuchen nicht entfernt zu dem hohen Inde.x von 
I : 30, wie in der zitierten .Arbeit angegeben ist). Ganz ab- 
gesehen davon ware die .\nwendung eines selbst zu betatigen- 
den Inhalators von praktischer Brauchbr^rkeit fiir die Fort- 
setzung der Insulinbehandlung zu Hause; im Gegensatz zu der 
stoCweisen Wirkung der Injekticnstherapie wiirde bei Ver- 
teilung der Inhalation liber den ganzen Tag weit mehr die 
physiolcgisc.he Wirkungsweise erreicht und die Gefahr einer 
hypoglykamischen Reaktion ausgeschaitet. 

OBER EINEN FALL VON ,,EINEIIGEN" ZWILLINGS- 
SCHWESTERN MIT LT^GLEICHER AUGENFARBE. 

Zu den Bemerkungen von Cohen und Eauer in Jg. 3, Nr. 47, 
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On the rnhala^ 

by 

Privatdozent Dr. M. Gansslen 

From the Departments of Medicine and Psychiatry, Tobingea 

{Head: Prof. O. MQIler) 

The publication of HELm-ER, S.E. DE JONCH and E. LAQUEUR 
(Amsterdam), same tide. Vol. 3, No. 51, page 2342, this Journal, obliges 
me to publish my ou/n Investigations concerning the same topic, which 1 
have already presented during the symposium of Natun^IasenschaftUch- 
Arztlich^ Verein «catura!) scientific a.nd medicinaJ ^dety), December 
1, 1924, using blood gliicose and urine glucose curves of some patients. 
However. I would prefer publishing these studies, carried out without 
knowledge of the studies done by the authdi^ mentioned above, after 
the final evaluation of their pracUcal relevance. 

The first study was perfarm^d with a slightly arteriosclertjdc diabetic 
patient. After Inhalation of coramerciaJ available insulin via the StSubll- 
Inhaler under constant glucose (carbohydrate) loading, a significant 
reduction in blood glucose level was measured and urine was completely 
glucose-free. No adverse reactions were complained. After Intemiption 
of therapy blood glucose level increased again. However, the 
practicablllcy of this inhaler was too time^penslve and complicate. 
Thus. I changed the Inhaler and used such apparatus which facilitates or 
enables the Incorporation of higher insulin concentrations: "Rivlera- 
Mignon-Inhaiator" (R.-M.-Inhaler) (Kober jr. Company, Chemnitz- 
Altendorf). The following experiments were perfomaed using this Inhaler. 
The patient remained fasting during the forenoon (a.m.) or received only 
a cup of clear soup. Blood glucose (fasting blood sugar) was determined 
Immediately at the beginning and continuously every half hour from the 
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start of Insulin inhalation (30-50 units Inauline). Using chis method the 
following results were obtained: 
1. Mr. D.: 

iiffie blood Qly frngP 

baseline 8:35 a.m. 0.254 

start of inhalation 

9:35 a.m. 0.245 

Some patients complained loss of appetite (probably) due to tbe content 
of phenol as stabilizer of the Insulin preparation. Thus, consequently 
phenol-free insulin preparation, commercial available by bigger 
pharmaceutical companies, was used. The availability of higher Insulin 
concentrationa per inhalaUon reduces the whole Inhalation time, as the 
incorporation of certain units of Insulin is accelerated. 
Using an electronic InhaJer, "Elektro-Atmos" (Sllten-Berlln>, I tried, 
additionally, to Increase the efficacy of tbe therapy. However, insulin 
vapour produced during patient's expiration were irreversibly lost. Thus, 
this inhaler was less economic compared to the "Rlviera-Mlgnon" where 
insulin vapour was exclusively produced during inspiration by pressing a 
rubber ball. (Compared to tbe Injection method 1 never reached the high 
ratio (inde^) of 1:30. a« stated In the paper cited above). Not to 
mention the fact that a simple to handle inhaler would be useful for 
continuing insulin therapy at home. Tbe continuous inhalation during the 
whole day represents a better and continuous physiological adaption of 
blood glucose than the effects of intermittent single injections at 
certain time points. Furthermore, the rislc of hypoglycemic reactions 
should be reduced. 
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Influence of Inspiratory Flow Rate, Particle Size, and Airway Caliber 
on Aerosolized Dmg Delivery to the Lung 

Mynia A Dolovich PEng 



Introduction 

Disposition Mechanisms: Inspiratory Fiow Rate and Particle Size 

Aerosol Delivery to the Lung 

Sources for Obtaining Aerosol Deposition Information 

Airway Caliber 

Particle Size Distribution 

Aerosol Deposition and Response: Influence of Inspiratory Flow Rate 

and Particle Size 
Nebulizers 

Modelling In Vivo Delivery of Aerosol 
Summary 

[Respir Care 2000;45(6);597-608] Key words: panicle size, inspiratory flow 
rate, scintigraphy, metered-dose' inhaler, lung deposition, emitted dose, fine 
particle dose, drug targeting. 



Introduction 

The effect of various factors, such as aerosol size and 
density, inspiratory flow rate (IFR) and volume, and mean 
residence time in die lung, on the site of deposition in (lie 
lung have been studied extemively using both tracer and 
clinical aerosQls;!'^ These types of studies have provided a 
scientific basis for estimatuig drug delivery to the lung, site of 
action of drug within tlie lung, and drug dosage requirements. 
The advantage of quantitating deposition using imaging tech- 
niques following inhalation of a radioIal>eled drug aerosol, 
performed in conjunction with pharmacodynamic and/or phar- 
macokitietic measurements in, the same subject and carried 
out at the same time as the- imaging studies, is obvious, and 
this would be the ideal approach in determining the response 
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to a therapy inhaled from a pressurized metered dose inhaler 
(pMDI), a dry powder inhaler (DPI), or a nebulizer. 

Delivering aerosols to the lung is a combination of dmg 
formulation, delivery system properties, the patient's inhala- 
tion technique, and the geometry of the airways. Fine particle 
low-velocity aerosols cany drug more deeply into the limg; 
hence removal of the drug from the lung by mucociliary 
clearance may be slower^ and the absorption of die drug from 
airway surfaces into the systemic circulation, pattly a firnc- 
tion of surface area, may be increased, compared to dmg 
deposited more proxiinally.'' * These differences can ulti- 
mately lead to improved clinical responses to the aerosolized 
therapy, but can also give rise to increased adverse effects. 
Developing aerosol delivery systems incorporating the two 
key factors, along with ease of use, portability, and patient 
compliajice aids such as dose counters and integrated elec- 
tronic management systems to track treatments and treatment 
schedules, drive the innovations in inhaler design and poten- 
dally provide novel drug delivery systems. 

Deposition Mechanisms: Inspiratory Flow Rate 
and Parade Size 

Impaction, sedimentation, and diffusion are the m^in 
physical mechanisms governing deposition of inhaled drug 
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Table 2. Sciiuigraphic Methods 



Drug Jose inhaled (quantity, quality) 
Luna absorption 



particles and droplets.' Though particle diameter is the 
primary factor delermining the relative contribution of each 
process to the total amount deposited, the IFR also plays 
an important role in influencing deposition efficiency, re- 
gional distribution of the aerosol within the lung, and por- 
tioning of the inhaled dose between the upper and lower 
respiratory tract (Table i). Particle velocity (the rate at 
which particles travel through the airways) varies with 
both Hie IFR and airway diameter: 



where A = airway cross-sectional area, in cm'^ = d^/4 and 
d - airway diameter, in ctn. 

As IFR increases or airways narrow, air velocity and 
turbulence increase. This affects particle movement and 
increases deposition onto airway surfaces, particularly at 
airway bifurcations. Asymmetric velocity profiles have 
been observed on both inspiration and expiration, with 
secondary flows produced in subsequent airway genera- 
tions.s These secondary, turbulent flows cause the maxi- 
mum velocity of the incoming air to lie adjacent to the 
inner walls of the airwaj' and close to the mucus layer, thus 
favouring deposition of particles along the airway wall 
Deposition can occur during both inspiration and expira- 
tion, as demonstrated by Smaldone et al.' 

Aerosol Delivery to the Lung 

IFR can also influence the drug dose dispensed from an 
inhaler, the amount inhaled, the amount deposited in the 
oropharynx, the site of deposition in the lung, and, indi- 
rectly, the absorption of drug from the lung into the sys- 
temic circulation. A number of studies have shown that 
differences in the site of deposition of a driig can modulate 
the clinical response. "^^'^ jj [g ^orth noting that the rela- 
tive importance of the variables associated with the inha- 
lation maneuver may differ for different drug delivery sys- 
tems. For example, breath-actuated systems usually require 
higher IFRs than inhalation from a pMDI with spacer, so 
one should expect to see differences in bioavailability "■'•* 
related to the differences in dose inhaled and where the 
drug is deposited in the lung. '5 



Non-knaging 
NaJ crystal detector 
Rectilinear scanner 

Planar— 2-iltmensional 

Tomography — 3-dimensional 

SPEC! (single photon emi.ssion coinputed to 
PET (positron emission romograpiiy) 



Sources for Obtaining Aerosol 
Depositioni Information 

Information describing deposition in the lung can be 
obtained through computer modelling using theoretical cal- 
culations"^ or empirical models.'"'''^ Experimental data are 
obtained using in vitro models, in vivo radioisotope stud- 
ies, phannacokinetic studies, and experiments measuring 
the recovery of inhaled boluses of tracer aerosols. Exper- 
imental studies have been performed in animal models and 
in humans, both normal healthy .subjects and patients with 
varying severities of lung di.sease. Because of the inter- 
individual variability in lung geometry, patterns of breath- 
ing, and the different methods used to obtain deposition 
data, models for predicting dose inhaled and deposited are 
still not fully predictive. 

Table 2 lists scintigraphic methods to detect the distri- 
bution of an inhaled radiolabeled aerosol. These include 
both nonimaging and imaging techniques, the latter being 
either two-dimensional (planar) or three-dimensional (sin- 
gle photon emission computed tomography [SPECTl or 
positron emission tomography [PETj).''' Both planar and 
SPECT employ relatively low-energy gamma emitters 
(^"technetium or '-"iodine), whereas PET uses high en- 
ergy positron emitters and applies coincidence counting to 
detect two oppositely charged gamma rays of 5 1 1 kilo- 
electron volts. 

The images obtained using two-dimensional or three- 
dimensional scintigraphic techniques provide a detailed 
visual picture of where drug deposits in the lung, and the 
calculation of inhaled dose using two-dimensional imag- 
ing is used in a number of laboratories. However, the lung 
is a three-dimensional structure, and with two-dimensional 
planar imaging the distribution of a radio-tracer can only 
be viewed in two dimensions. Indeed, the contribution 
from overlapping small airways in the hilar region can be 
considerable,^^ resulting in an overestimation of central 
airway deposition and, in some cases, also peripheral dep- 
osition. This source of enor can be reduced by using three- 
dimensional techniques such as SPECT-'-^^ and PET,'' 
which allow a niore accurate measurement of deposited 
dose within the lung. Other drawbacks in Imaging a three- 
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Fig. 1 . Projection views from a normal subject and a subject with cystic fibrosis acquired after inhaling aerosols of 4.5 /tm and i .5 nm 
MMAD. These views represent ttie cumulation of data from 120 individual imageS from the coronal plane of the PET scan and are similar 
to what would be represented by the two-dimensional gamma camera. 



dimensional object in two dimensions include the resolu- 
tion and an accurate correction for attenuation of the ra- 
dioactivity by the chest wall. SPECT and PET overcome 
these issues. With PET in particular, the acquisition of the 
transmission scan immediate-ly after the PET investigation 
and with the patient in the same position under the scanner 
provides much greater accuracy for correction of the data 
for attenuadon. In addition, for each slice in each of the 3 
planes, the emission scan is paired with its own transmis- 
sion scan, allowing the outline of that lung slice to be 
applied precisely to locate die regional emission data. This 
also allows the correction for tissue attenuation of radio- 
activity to be applied specifically to each emission slice. 
There are a limited number of studies with inhaled SPECT 
and PET tracers published in the literature, using bodi 
nebulizers and DPIs to administer xhe. PET tiacers-^*-^* 
Figure I shows projection views and Figure 2 shows a 



series of images (slices) taicen from a PET study estimat- 
ing deposition of 1.5 ju.m and 4.5 /i-m aerosols in normal 
subjects and in patients with cystic fibrosis. The projec- 
tions are the summation of all slices in the coronal plane 
and would be similar to what would be acquired with the 
two-dimensional gamma camera. It can be .seen that the 
detail provided in.the coronal slices is lost in the projection 
view. The calculation of deposited dose from the two- 
dimensional image is based solely on the intbrmation from 
the projection view, whereas with PET and SPECT there 
is the additional ability to calculate dose per slice. For 
example, in the CP subject, it can be seen in Figure 2B that 
thou^ there is considerable impaction of the fine aerosol, 
the very anterior and posterior areas of the right lung are 
ventilated. Regional analysis of deposition, calculated for 
each slice and plotted versus distance through the lung, is 
based on data from each slice defined by the lung geom- 
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Fig. 2. A sample of coronal sNcBs. A: Images from nonmal subject (left column) and cystic fibrosis subject (right column), showing the detail 
of the distribution of the aerosol inhaled ^°fiuorodeoxyglucose generated by an Ultravent jet nebulteer (mass median aerodynamic diam- 
eter = 1.5 /Mm). B: Normal subject (left column) and cystic fibrosis subject (right column) showing the detail of the distribution of the aerosol 
inhaled ''^fluorodeoxyglucose generated by the Pari LC Star jet nebulizer (mass median aerodynamic diameter ^ 4.5 fim). With this imaging 
system, the detail is greater than that available from two-dimensional imaging, allowing greater accuracy in measuring dose and regional 
distribution of inhaled drug. 



etry and regions of interest for that slice, and thus provides 
greater accuracy in the calculation of dose. The other two 
planes available with three-dimensional imaging, the trans- 
axial (Fig. 3) and sagittal planes, similarly provide valu- 
able information about dose deposited and site of deposi- 
tion of aerosol. 

Airway Caliber 

Regional distribution of aerosol in the lung is also in- 
fluenced by the caliber of the airways (Fig. 4).^-2»-32 -phe 
degree of airway naiTowing, whether due to inflammation, 
bronchocoustriction, or the presence of increased secre- 
tions, can have a profound effect on where aerosol parti- 
cles deposit. This can be seen in Figure 2B, where the 
images from the cystic fibrosis patient are patchy, contain- 
ing many hot spots of radioactivity deposited at points of 
airway narrowing in the lung. This is despite the inhalation 
of a fine (< 2 /xm) aerosol. Whether the improvement in 
distribution compared to the images obtained with a 4.5 



fxm aerosol would be sufficient to effect a more favorable 
clinical outcome is not yet known. 

In contrast, as shown in Figure 5, changes in airway 
caliber effected with inhalation of a bronchodilator will 
alter the pattern of deposition, with the aerosol penetrating 
to lung distal to the site of obstruction.^^ 

Particle Size Distribution 

Methods for measuring the aerodynamic size distribu- 
tions of aerosols used for inhaled therapy are weU de- 
scribed in the literature and allow prediction of deposition 
efficiency and behaviour of the drug in the lung.^^s The 
estimation of deposition efficiency for these aerosols is 
usually based on the niass median aerodynamic diameter 
(MMAD), a statistical measure of the particle size distri- 
bution that characterizes (he aerosol in terms of its majis (50% 
of the mass of the aerosol residing in particles less than the 
MMAD and 50% in particles greater ihaa the MMAD) and 
the geometric standard deviation, although Ihe latter is less 
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Fig. 3, Transaxial slicas from the apex, middle, and base of lungs, showing the distributton of inhaled ^^luorodeoxygtucose aerosol from 
a Pan LC Star jet nebulizer {mass median aerodynamic diameter = 4.5 /im) in a subject with cystic fibrosis. 



predictive than the MMAD and other factors described 
below. In addition to obtaining these values from the mass- 
size distribution plot, the dose of drug available within 
defined size ranges can be determined from impactor/im- 
pinger sizing measurements, enabling a more precise pre- 
diction of drug delivery to various sites in the lung. 

Both theoieiical calculations and actual measurements 
have indicated that particles > 6 /u.m deposit in the oro- 
pharynx, particles between 2 ju,m and 6 jam deposit in the 
central airways, and particles < 2 fjum deposit at more 
distal sites in the lung (the peripheral airways). If there is 
a percentage of particles within the aerosol that is finer 
than 1 /xin, a portion will be exhaled or will be trapped in 
the residual air and eventually deposited on the respiratory 
bronchioles and perhaps on alveolar surfaces. The fraction 
of the aerosol containing particles < 5 iim (sometimes 
defined as < 6 /xra) in diameter is termed the fine particle 
orrespirable fraction (FPF), and has been used more widely 
■ recently to describe the quality of the aerosol and its po- 
tential, for delivery to the lower respiratory tract. 

The eimitted dose (ED), the FPF, and fine particle dose 
(FPD = FPF X ED X 100%), the coarse particle fraction 
(CPF, percent of particles > 5 /xm) and coarse paiticle 
dose (CPD = ED X CPF X 100%) of the dispensed aero- 
sol are all affected by the flow of air drawn through the 
mhaler. An extra-fine particle fraction (EFPF) and extra- 
fine particle dose (EFPD) has been defined for those aero- 
sols whose distributions contain a majority of particles < 
l|L«,m in diameter. All these fractions increase or decrease, 
—depending on the in vitro test flow of the sizing system 



used to measure the quality of the aerosol or the in vivo 
IFR used during a patient inhalation maneuver.^fi-^* For 
example, a critical step in dispexising a dose from a passive 
DPI (ie, DPIs that require inspiratory effort from the pa- 
tient to dispense the powder from the device) is the pro- 
cess of deaggregating the powder clump. This is a function 
of the energy applied to the powder (ie, the inspiratory 
effort exerted by the patient). Too weak an effort (low 
IFR) will not fully aerosolize the powder, resulting in a 
lower dispeftsed dose, less drug inhaled, and reduced re- 
sponse.3^'3' In addition, the powder cloud will behave as a 
large-particle aerosol, with a higher CPF (lower FPF), 

Table 3 shows the difference in in vitro FPFs when 
sampled at high and low IFRs for several passive DPIs.-'* 
Data are also shown for the Ventolin pMDI used with the 
Volumatic spacer, to illustrate these changes for a pres- 
surized aertisol in comparison to a powder. All the DPIs 
listed yield powder aerosols with increased FPFs and, hence, 
increased FTPDs when inspiration is performed at the higher 
IFR. Deposition is maximal in the central airways because 
of the increased IFR. However, with the increased dose to 
the ]ung,''o clinical efficacy is greater.*' In contrast, the 
FPF for the finer pMDI aerosol dispensed from the 
spacer decreases, reflecting increase<i impaction of aero- 
sol on the spacer valve and walls with the higher sam- 
pling flow. A number of studies, in both children and 
adults, have measured the effect of IFR on lung deposi- 
tion and clinical response from pMDIs and DPIs; in 
general, results indicate flow-dependence in both deposi- 
tion and response.'^' -^^ 
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Rg. 4. Anterior scans for 1 3 critically ill but stable subjects receiving mechanical ventilation. Aerosol appears to be distributed more centrally . '^i 
in the subjects with chronic obstructive pulmonary disease. (#3, 9, 10, 12, 13) (From Reference 30, with permission.) 
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Fig. 5. Ventilation/perfusion (V/Q) scans from an asthmatic patient with acute sliortness of breath, 
obtained (A) before bronchodilator therapy and (B) after bronchodilator therapy. The 4 views in the 



Case 1 :06-cv-01 896-CKK Document 27-9 Filed 04/02/2008 Page 2 of 7 

IhispffiATORY Flow Rate. Particle Size, and Airway Caliber 

Table 5. rnspiraioty EITorl or Inspiratory Flow Rale and Inhalflr 



Inhaler 

pMDT + Volumaric 

Diskhaler 
Turbuhaler 
Turbuhater 



Nominal Dose 

100 Mg/puff 
200 fig/blister 
200 /ig/blister 
100 jxg/dosc 
50 n-g/dose 



31.6 ±0.9 
26.9 ± 5.7 
27.6 .+. 8.0 



Inspiratory Flow Rate Affects 
Particle size distribution: fine particle fraction, coarse particle 

fraction 
Dose dispensed 

Fine particle dose, coarse panicle dose 

Oropharyngeal dose 
Lung dose 

Distiibuiioji of the inhaled dose in the lung 

Central vs peripheral deposition 
Clinical response 



The ratios of FPDs to CPDs can also be used to compare 
aerosol formulations, as well as to asses,s the extent of 
changes to an aerosol by a delivery device (eg, pMDI with 
a ,spacer).'»-'^6 xabje 4 shows the increase in FPD and 
decrease in CPD for hydrofluoroalkane (HFA)-134a-pro- 
pelled beclomethasone dipropionate (QVAR), compaied 
to the chlorofluorocarbon- propelled formulation of the 
same drug (Beclovent). The F/F^ ratio (a comparative 
index of overall effectiveness for the two aerosol formu- 
lations) indicates a two-fold overall change in (he quality 
of the aerosol, effected by the changes in propellant and 
redesigned canister hardware to accommodate this new 
formulation. A number of in vivo deposition studies have 
shown 3-10-fold higher deposition with QVAR than with 
Beclovent,"^"* with a 2.5:1 improvement in clinical out- 
comes for the same prescribed drug dose.*' 



Connparison of HnB Particle Dose and Coarse Panicle 
Dose Ratios for QV.A.R Hydiofluoroailcane-Propelled- 
Beclometbasone Dipropionate and Beclovent 
Chlorofluorocarbon-ProireUed-Beclomethasone 
Dipropionate* 



QVAR 



FPD Ratio (Ff) 17.62 /xg 12.61 tig 


1.40 


CPD Ratio (Fc) 23.39 ftg 33.91 fig 


0.69 


I (Ff/Fc) 1.40 0.69 


2.03 


F Ratio = the fuaion of the fine or c<.»Ke te emiuad from QV ARv c 


ompareJtoBV. 






FPO Ratio = fine particle doss ratio ftlie mass of Die emittKl dose com 


ncd in panicles 


< 4.7 im aerodynamic diameter for QVAR divided by that for BV). 




Ff = fine fraction = FPD of QVAR divided by I^D of BV. 




CPD Ratio = coarse pmicic dose ratio (*e roass of ihe emitted dose co 








Fc = coarse fraction "■ CPD of QVAR divided by CPD of BV. 




r = Ff/Fc = comparative index of owrall effectiveness for llie 2 aeroso 




'Calcmated fron, A.derso„ Cascade hnpacto, data collated a, «.3 Un 





.4erosol Depo.sition and Response: Influence of 
Inspiratory Flow Rate and Particle Size 

The dose of aerosol deposited in the lung is a fraction of 
what is inhaled, and that inhaled dose is, in turn, a fraction 
of the nominal or "label claim" dose specified by the phar- 
maceutical company on the package. Estimates of inhaled 
doses are based on the FPF (percent of particles < 4.7 /i,m 
or < 5.8 /xm in diameter) of the aerosol and (he emitted or 
inhaled dose of drug from the delivery system. Drug dep- 
osition in the lung is reduced because of drug deposition in 
the device and in the oropharynx, which varies depending 




Lung □ Oropharynx m Device | 



Fig. 6. Dose ideposition of ^'^echnetium (Tc)-budesonlde in the 
lung, oropharytix, and device, in a study with 8 adult asthmatics, 
comparing pressurized metered-dose inhaler (pMDi) with pMDI- 
wlth-Nebuhaier valved holding chamber QMC) and with Turbu- 
haler. Greater lung deposition was obtained with the pMDI-wtth- 
Nebuh^r than with either the pMDl alone or the Turbuhaler, most 
likety because of the combination of the lower IFR used to inhale 
the aerosol (16 Um with the pMDI-with-Nebuhaler, 28 I7m with 
the pMDI alone, 67 Um with the Turbuhaler) and the finer aerosol 
particles available from the VHC. The coefficient of variation for 
the lung deposition measurement is also less with the pMDl-with- 
Nebuhaler (27%) than with the pMDI alone (42%) or with the Tur- 
buhaler (4Ci%}, suggesting a moi-e reproducible execution of the 
inhalation technique. {Adapted from data in Refermce 51). 
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Fig. 7. Two-dimensional scan from a normal subject showng the distribution of *^technetiuat-DTPA 
albuterol sulphate powder inhaed at 1 5 L/m (upper row) and at 60 L/m (lower row) from the Spiros dry 
powder inhaler." Deposition as a percent of the emitted dose was. lung 45.4% at 15 L/m and 36.3% 
at 60 Um, oropharynx 19.6% at 15 L/m and 39.2% at 60 L/m. IFR ^ inspiratory flow rate 



on the IFR arid particle size of the dispensed aerosol (Ta- 
ble 5 and Figure 6 j.'"-^' In addition, lung doses vary 
between infants, children, adults and geriatric patients, a 
function both of breathing pattern and oropharyngeal and 
airway geometty and, therefore, one might expect variable 
clinical response among various patient populations.'"- ^'-^ 
There is good evidence in the literature, particulaily 
from a number of radiolabelcd-particle depositioti studies 
in normals and patients, confirming that peripheral lung 
deposition increases as inhaled aerosol particle size de- 
creases and that central airway deposition increases with 
increased EFR and reduced airway caliber. What is less 
clear is whether utilizing therapeutic aerosols of specified 
size, inhaled at a specified flow to target specific receptor 
sites in the lung significantly ihfluetices clinical response. 



As mentioned above, several studies using targeted ther- 
apy have been described in the literature.'o-i^ Improved 
response may lie due to an increased total dose of drug 
deposited or to changing the site of deposition of the dose. 
More recently, Zanen et al demonstrated, in a series of 
studies, significant improvement in forced expiratory vol- 
iirae in the first second response in patients inhaling 2.8 
jum MMAD monodisperse aerosols of drug (salbutamol 
sulphate or ipratropium bromide or fenoterol), compared 
to their inhaling equal doses generated as 1.5 |U,ni or 5.0 
um aeros()Is.''*-55 Though the dose of drug administered 
was estimated to be equivalent to that portion of a pMDI 
that contained respirable drug (drug contained in parti- 
cles < 5 jsim), it was not possible to show an improved 
response to the monodisperse aerosol, compared to the 
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Increased Sung deposition 
RMduced oropharyngeal deposition 
Improved therapeutic response 

3. Factors Promoting Successful Inhaled Therapy 



pMDl.s"^' However, if technological advances can produce 
devices that generate monodisperse aerosols, it may be 
possible to treat patients with lower doses of drug. 

Radiolabelled-drug studies and clinical trials have dem- 
onstrated, i n noiTnals, asthmatics, and patients with chronic 
obstructive pulmonary disease, the benefit of inhaling pMDI 
aerosols at low iFRs. Reduced king delivery and response 
has been shown to occur at IFRs exceeding 60 L/min, with 
increased distribution of (he aerosol to the central airways 
and decreased distribution to the peripheral lung. The ex- 
ception may be the inhalation of anticholinergic aerosols, 
since receptors for this class of drug are located more 
proximally in the lung. Figure 7 shows the effect of air 
flow on drug delivered. In this subject, the inhaialion of a 
radiolabeled powder at 15 L/min produced much greater 
delivery to the lung and penetration of aerosol beyond the 
mid-lung region than inhalation at the higher air flow of 60 
L/min.^'' Deposition is reduced at the high flow and is 
concentrated around the hilum, but is also more peripher- 
ally deposited witli the lower IFR. 

Nebulizers 

inhalation of aerosol from standard and/or breath-actu- 
ated nebulizer designs is typically performed at low IFRs, 
usually with tidal breathing. However, if the patient is 
hyperventilating, the same principles apply as for the other 
delivery systems: more drug will be deposited in the mouth 
and on central airways at high IFRs. The reduced duty 
cycle (ratio of inspiratory time to total breathing cycle 
time) translates into less drug inhaled. For crying infants 
and children, it is recommended that traditional nebulizer 
tlierapy be given when the child is quiet or asleep. 

Recent developments in nebulizer design, in particular 
the metered-dose liquid inhaler,-''* may incorporate fea- 
tures that help control breathing factors during inhalation.-'^' 

Modelling In Vivo Delivery of Aerosol 

Computerized breath simulators for assessing device per- 
formance are useful in estimating in vitro drug deliveiy to 
the mouth under various breathing conditions. The vari- 
ables that can be tested with these systetns are usually 
limited to tidal volume (10-1,000 mL) and inspiration- 



expiration ratio. Changes to either of these factois alteis 
die peak IFR of the simulated breath pattern. Increase! 
delivery of dose dispensed from pMDTs with valvcd spat 
ers, as well as from jet nebulizers, has been nieasurcci Mih 
increasing tidal volume and increasing IFR.''"-'"' Howcxei 
as numerous studies have demonstrated, the fate of thi> 
inhaled aerosol (deposition and distribution in the km j) is 
additionally affected by the IFR. Capturing actual bieiih 
patterns from patients to feed into the simulator .should 
improve, the accuracy of these dose estimations. In addi 
tion, it should be accepted practice when modelling diug 
delivery to the lung that the particle size charactcristii-s oj 
the aerosol be determined under the various conditions ot 
air flow. This would improve the accuracy in estiniatui^ 
lung dose and site of deposition, not only for optimal IFRs 
but also for those situations where the inhalation technique 
is less than ideal. 

Summary 

A number of studies in the literature support the use ot 
fine aerosols of drug, inhaled at low IFRs to target periph 
eral airways, with the objective of improving clinical re 
spouses to inhaled therapy (Fig. 8). Attempts have been 
made to separate response due to changes in total admin 
istered dose or the surface concentration of the dose tiom 
response due to changes in site of deposition — both aie 
affected by the particle size of the aerosol, with IFP ad 
ditionally influencing the latter. 

■the tools for measuring dose and distribution have im 
proved over the last iO-15 years, and thus we should 
expect greater accuracy in these measurements for assess 
ing drug delivery to the lung.'*^ There are still issues, the ugh 
in producing radiolabeled '^"'technetium aerosols that aie 
precise markers for the pharmaceutical product being tc sted 
and in quantitating absolute doses deposited in the lung 
PET isotopes may provide the means for directly labeihng 
a drug and perhaps can offer an alternative for makmg 
these measurements in the future, but deposition measure 
ments should not be used in isolation; protocols should 
incorporate clinical tests to provide parallel therapeutic 
data in response to inhalation of the drug by the vai lous 
patient populations being studied. 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



NOVO NORDISK A/S 

Plaintiff, 



JON W. DUD AS 

Under Secretary of Commerce for 
Intellectual Property and 
Director of the United States Patent 
& Trademark Office, 

Defendant. 



Case No: 06-1896 (CKK) 



DEFENDANT USPTO'S SECOND SUPPLEMENTAL OBJECTIONS 
AND RESPONSES TO PLAINTIFF'S REQUESTS FOR ADMISSION 

Defendant Jon W. Dudas, Undersecretary of Commerce for Intellectual Property and 
Director of the United States Patent and Trademark Office ("USPTO"), through his undersigned 
counsel, and pursuant to Rules 26 and 36 of the Federal Rules of Civil Procedure, provides his 
objections and responses to the requests for admission ("Requests") of plaintiff Novo Nordisk 
A/S ("Novo"). 

GENERAL OBJECTIONS 

1 . Discovery in this matter and Defendant's investigation of the subject matter of 

this action are ongoing. Accordingly, the following responses are given without prejudice to 
Defendant's right to provide or produce evidence of any subsequently discovered facts, names, or 
other items of information known to or within the possession, custody or control of Defendant 
that it may later recall or discover in the exercise of reasonable diligence. Defendant further 
reserves the right to change, amend or supplement any or all of the matters contained in this 
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response as additional facts are ascertained and research is completed. 

2. Objections to each Request are made on an individual basis below. Defendant 
expressly incorporates each of the General Objections into each specific response to the 
Literrogatories set forth below as if set forth in full therein. 

3. Defendant objects to the Requests, and their Definitions and Instructions, to the 
extent that they purport to impose on Defendant obligations that differ from or exceed those 
required by the Federal Rules of Civil Procedure. 

4. Defendant objects to the Requests to the extent that they seek information 
protected by the work-product immunity, attorney-client privilege, or any other privilege or 
restriction on discovery. 

5. Defendant objects to the Requests to the extent that they seek information that is 
publicly available and therefore obtainable from a more convenient, less burdensome and less 
expensive source. 

6. Defendant objects to the Requests to the extent that they are overbroad, unduly 
burdensome, oppressive or seek information that is beyond the possession, custody, or control of 
Defendant. 

7. Defendant objects to the Requests to the extent they require responses from the 
Examiner of the Patent Application, from the Board of Patent Appeals and Literferences, or from 
any other USPTO employee beyond that which is authorized by 37 C.F.R. § § 104.21 - .23 and 
the Manual of Patent Examining Procedure (MPEP) Chapter 1700. 

Subject to the foregoing General Objections, Defendant responds to the Requests as 
follows: 
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SPECIFIC OBJECTIONS AND RESPONSES TO REQUESTS FOR ADMISSION 
REQUEST FOR ADMISSION NO. 1 

The Record is complete and contains all documents or references to documents relating to 
the grounds of rejection of the claims of the Patent Application. 
RESPONSE TO REQUEST FOR ADMISSION NO, 1 

Defendant objects to this Request as vague and ambiguous as the meaning of "complete," 
Defendant further objects to this Request as not likely to lead to the discovery of admissible 
evidence. Subject to the foregoing general and specific objections, Defendant admits that the 
Record contains the documents and/or references to the documents upon which the Examiner and 
the Board relied in rejecting the pending claims. 
REQUEST FOR ADMISSION NO. 2 

The USPTO will rely solely on the prior art and other references contained in the Record 
in this Action, and will not seek to introduce in this Action any evidence not in the Record. 
RESPONSE TO REQUEST FOR ADMISSION NO. 2 

Defendant objects to this Request as premature; Defendant's investigation is continuing, 
discovery is ongoing, and Defendant reserves the right to supplement its response to this Request 
in the event that additional information later becomes available. Subject to the foregoing general 
and specific objections. Defendant denies this Request. 
REQUEST FOR ADMISSION NO. 3 

The USPTO will rely solely on the theories contained in the Record in this Action. 
RESPONSE TO REQUEST FOR ADMISSION NO. 3 

Defendant objects to this Request as vague and ambiguous as the meaning of "theories 
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contained in the Record." Defendant further objects to this request as premature; Defendant's 
investigation is continuing, discovery is ongoing, and Defendant reserves the right to supplement 
its response to this Request in the event that additional information later becomes available. 
Subject to the foregoing general and specific objections. Defendant denies this Request. 
REQUEST FOR ADMISSION NO. 4 

Harrison's Principles of hitemal Medicine, Kurt Isselbacher et al. eds.,13* Edition, Vol. 
2, at 1986-87 (1994) ("Harrison"), teaches only three treatment regimes for diabetes mellitus: 
conventional insulin therapy through injection, multiple subcutaneous insulin injection 
technique, and continuous subcutaneous insulin infusion. 
RESPONSE TO REQUEST FOR ADMISSION NO. 4 

Defendant objects to the pejorative term "only" in this Request. Subject to foregoing the 
general and specific objections. Defendant admits that Harrison teaches three treatment regimes 
for diabetes mellitus: conventional insulin therapy through injection, multiple subcutaneous 
insulin injection technique, and continuous subcutaneous insulin infusion. 
FIRST AMENDED RESPONSE TO REQUEST FOR ADMISSION NO. 4 

Defendant objects to the pejorative term "only" in this Request. Subject to foregoing the 
general and specific objections. Defendant admits that Harrison discloses only three treatment 
regimes for diabetes mellitus: conventional insulin therapy through injection, multiple 
subcutaneous insulin injection technique, and continuous subcutaneous insulin infusion. 
Defendant does not comment on the existence of other treatment regimes for diabetes mellitus. 
REQUEST FOR ADMISSION NO. 5 

Harrison does not teach the administration of insulin through inhalation. 
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RESPONSE TO REQUEST FOR ADMISSION NO. 5 

Admitted. 
REQUEST FOR ADMISSION NO. 6 

Harrison teaches away from the treatment of diabetes melhtus through the inhalation of 
insulin, stating that "[ajdministration of insulin by nasal insufflation, although attractive in 
principle, has not proved practical and is no longer under commercial development." 
(Harrison, at 1987.) 
RESPONSE TO REQUEST FOR ADMISSION NO. 6 

Defendant objects to this Request as vague and ambiguous. Defendant further objects to 
this request as premature; Defendant's investigation is continuing, discovery is ongoing, and 
Defendant reserves the right to supplement its response to this Request in the event that 
additional information later becomes available. Subject to the foregoing general and specific 
objections. Defendant denies this Request. The quoted passage refers to "nasal insufflation" 
rather than inhalation into the lungs. 
REQUEST FOR ADMISSION NO. 7 

The relevant prior art contains no specific protocol or guidelines for the administration of 
powdered insulin to the bloodstream via inhalation for the treatment of diabetes mellitus. 
RESPONSE TO REQUEST FOR ADMISSION NO. 7 

Defendant objects to this Request as vague and ambiguous as to "relevant prior art" and 
"specific protocol or guidelines." Defendant further objects to this request as premature; 
Defendant's investigation is continuing, discovery is ongoing, and Defendant reserves the right to 
supplement its response to this Request in the event that additional information later becomes 
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available. Defendant further objects to this Request as unlikely to lead to the discovery of 

admissible evidence, in that none of the pending claims recite a "protocol" or "guideline." 

Subject to the foregoing general and specific objections, Defendant denies this Request. 

FIRST AMENDED RESPONSE TO REQUEST FOR ADMISSION NO. 7 
(MARCH 14, 2008) 

Defendant objects to this Request as vague and ambiguous as to "relevant prior art" and 
"specific protocol or guidelines." Defendant fiarther objects to this Request as unlikely to lead to 
the discovery of admissible evidence, in that none of the pending claims recite a "protocol" or 
"guideline." Subject to the foregoing general and specific objections. Defendant denies this 
Request. Defendant refers Plaintiff to U.S. Patent No. 5,643,868; U.S. Patent No. 5,843,886; and 
U.S. Patent No. 5,763,396 as prior art that contains "specific protocols or guidelines for the 
administration of powdered insulin to the bloodstream via inhalation for the treatment of diabetes 
mellitus." 
REQUEST FOR ADMISSION NO. 8 

Medicament that is inhaled is not fiilly absorbed through the alveoli in the lungs into the 
bloodstream. 
RESPONSE TO REQUEST FOR ADMISSION NO. 8 

Defendant objects to this Request as overly broad and unduly burdensome, in that it is not 
limited to the relevant medicament: insulin. Defendant fiarther objects to this Request as vague 
and ambiguous. Specifically, it is not clear whether the Request is asking Defendant to admit 
that medicament that is inhaled may not reach the alveoli, that medicament, once it reaches the 
alveoli, may not thereafter be absorbed into the bloodstream, or that medicament may be 
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absorbed into the bloodstream from a portion of the lungs other than the alveoli. Defendant 
further objects to this Request as premature; Defendant's investigation is continuing, discovery is 
ongoing, and Defendant reserves the right to supplement its response to this Request in the event 
that additional information later becomes available, hi hght of these objections. Defendant 
cannot respond to this Request. 
FIRST AMENDED RESPONSE TO REQUEST FOR ADMISSION NO. 8 

Defendant objects to this Request as overly broad and unduly burdensome, in that it is not 
limited to the relevant medicament: insulin. Defendant further objects to this Request as vague 
and ambiguous. Defendant further objects to this Request as premature; Defendant's 
investigation is continuing, discovery is ongoing, and Defendant reserves the right to supplement 
its response to this Request in the event that additional information later becomes available. 
Subject to the foregoing objections. Defendant admits that, when medicament is inhaled, a 
portion of the medicament may not reach the alveoli. Defendant further admits that, of the 
medicament that does reach the alveoli, a portion of the medicament may not be absorbed into 
the bloodstream. 
REQUEST FOR ADMISSION NO. 9 

Medicament that is inhaled is not necessarily absorbed through the alveoli in the lungs 
into the bloodstream. 
RESPONSE TO REQUEST FOR ADMISSION NO. 9 

Defendant objects to this Request as overly broad and unduly burdensome, in that it is not 
limited to the relevant medicament: insulin. Defendant further objects to this Request as vague 
and ambiguous. Specifically, it is not clear whether the Request is asking Defendant to admit 
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that medicament that is inhaled may not reach the alveoli; that medicament, once it reaches the 
alveoli, may not thereafter be absorbed into the bloodstream; or that medicament may be 
absorbed into the bloodstream from a portion of the lungs other than the alveoli. Defendant 
further objects to this Request as premature; Defendant's investigation is continuing, discovery is 
ongoing, and Defendant reserves the right to supplement its response to this Request in the event 
that additional information later becomes available, hi hght of these objections. Defendant 
cannot respond to this Request. 
FIRST AMENDED RESPONSE TO REQUEST FOR ADMISSION NO. 9 

Defendant objects to this Request as overly broad and unduly burdensome, in that it is not 
limited to the relevant medicament: insulin. Defendant further objects to this Request as vague 
and ambiguous. Defendant further objects to this Request as premature; Defendant's 
investigation is continuing, discovery is ongoing, and Defendant reserves the right to supplement 
its response to this Request in the event that additional information later becomes available. 
Subject to the foregoing objections. Defendant admits that, when medicament is inhaled, a 
portion of the medicament may not reach the alveoli. Defendant further admits that, of the 
medicament that does reach the alveoli, a portion of the medicament may not be absorbed into 
the bloodstream. 
REQUEST FOR ADMISSION NO. 10 

U.S. Letters Patent No. 5,192,548, Velasquez, et al, ("Velasquez") does not teach the 
amount of insulin to be administered through inhalation to treat diabetes. 
RESPONSE TO REQUEST FOR ADMISSION NO. 10 

Defendant objects to this Request as vague and ambiguous. Specifically, it is not clear 
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whether the Request is asking Defendant to admit that Velasquez does not teach the use of 
inhaled insulin to treat diabetes or provide experimental data showing inhaled insulin being used 
to treat diabetes. Subject to the foregoing general and specific objections, Defendant admits that 
Velasquez teaches the use of insulin for "systemic treatment." {See col. 2, 11.29-32.) Velasquez 
also teaches that the device claimed in U.S. Letters Patent No. 5,192,548 "can carry 10 to 150 |u,g 
of medicament per cm^" (at col. 6., U. 19-25), and that the particle size of dry medicament may be 
in the "range of 1 to 10 |u,m" (at col.6, U.44-45). 
FIRST AMENDED RESPONSE TO REQUEST FOR ADMISSION NO. 10 

Subject to Defendant's general objections. Defendant admits that Velasquez does not 
teach specific dosages of insulin to be administered through inhalation to treat diabetes. 
REQUEST FOR ADMISSION NO. 11 

"Respirable fraction" is defined in Velasquez, col. 5, 11. 1 1-13, as the "percentage of drug 
which is in particles of aerodynamic diameter of equal to or less than about 6.4|j.m." 
RESPONSE TO REQUEST FOR ADMISSION NO. 11 

Defendant admits that Velasquez contains the statement at col. 5, 11.1 1-13 that the 
"respirable fraction" is "the percentage of drug which is in particles of aerodynamic diameter of 
equal to or less than about 6.4 |j,m." 
REQUEST FOR ADMISSION NO. 12 

Velasquez states that the respirable fraction of albuterol sulfate particles that become 
aerosolized decreases as the depth of the depressions in the substrate increases, and sets out a 
range of 65% of the particles that become respirable at a depth of 14 |j,m to 10% of the particles 
that become respirable at a depth of 37 |j.m. 
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RESPONSE TO REQUEST FOR ADMISSION NO. 12 

Defendant admits that Velasquez contains the statement that when "using albuterol 
sulfate with a mean particle size of 1.7 |j,m" (col. 5, 11.2-3), "[t]he respirable fraction {i.e., the 
percentage of drug which is in particles of aerodynamic diameter of equal to or less than about 
6.4 |j,m) similarly decreases as the depression depth increases, this being about 65% at 14 |j,m, 
about 30% at 28 |j,m and about 10%) at 37 |a.m" (col.5, 11.7-10). Defendant does not comment on 
the respirable fraction for drugs other than albuterol sulfate. 
REQUEST FOR ADMISSION NO. 13 

Albuterol sulfate particles differ from insulin particles in size and chemical properties. 
RESPONSE TO REQUEST FOR ADMISSION NO. 13 

Defendant objects to this Request as vague and ambiguous. Specifically, the Request 
does not indicate which chemical properties are being considered. Subject to the foregoing 
objections. Defendant admits that albuterol sulfate and insulin have different chemical 
compositions and different molecular weights. With respect to differences in particle size. 
Defendant objects to this Request as premature; Defendant's investigation is continuing, 
discovery is ongoing, and Defendant reserves the right to supplement its response to this Request 
in the event that additional information later becomes available, hi light of these objections. 
Defendant cannot respond to this Request. 
FIRST AMENDED RESPONSE TO REQUEST FOR ADMISSION NO. 13 

Defendant objects to this Request as vague and ambiguous. Specifically, the Request 
does not indicate which chemical properties are being considered. Subject to the foregoing 
objections. Defendant admits that albuterol sulfate and insulin have different chemical 

10 
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compositions and different molecular weights. Defendant further admits that albuterol sulfate 
and insulin likely differ in other chemical properties. With respect to differences in particle size, 
Defendant objects to this Request as premature; Defendant's investigation is continuing, 
discovery is ongoing, and Defendant reserves the right to supplement its response to this Request 
in the event that additional information later becomes available. Subject to the foregoing general 
and specific objections. Defendant denies that albuterol sulfate particles necessarily differ from 
insulin in particle size. 
REQUEST FOR ADMISSION NO. 14 

Velasquez does not teach the absorption into the bloodstream of a controlled quantity of 
medication via inhalation into the lungs. 
RESPONSE TO REQUEST FOR ADMISSION NO. 14 

Defendant objects to this Request as vague and ambiguous. Specifically, the Request 
does not indicate what is meant by "controlled quantity." Defendant further objects that the 
question is overly broad. Subject to the foregoing general and specific objections. Defendant 
admits that Velasquez does not disclose data obtained from experiments involving inhalation of 
medicament into the lungs. 
REQUEST FOR ADMISSION NO. 15 

Velasquez does not teach the absorption of controlled or repeatable amounts of insulin 
into the bloodstream of a patient that has inhaled insulin. 
RESPONSE TO REQUEST FOR ADMISSION NO. 15 

Defendant objects to this Request as vague and ambiguous. Specifically, the Request 
does not indicate what is meant by "controlled quantity" or "repeatable amounts." Defendant 
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further objects that the question is overly broad. Subject to the foregoing general and specific 
objections, Defendant admits that Velasquez does not disclose data obtained from experiments 
involving inhalation of medicament into the lungs. 
REQUEST FOR ADMISSION NO. 16 

Liternational Patent Publication WO 90/07351, Schenk, et al. ("Schenk"), is directed to 
the treatment of bronchial asthma and other diseases of the lung by inhalation of medicament into 
the bronchial tubes of the lungs, not by inhalation into the alveoli for absorption into the 
bloodstream. 
RESPONSE TO REQUEST FOR ADMISSION NO. 16 

Defendant objects to this Request as vague and ambiguous. Specifically, it is not clear 
whether the Request is asking Defendant to admit that Schenk does not teach inhaled 
medicament being delivered to areas of the lung other than the bronchial tubes, inhaled 
medicament being delivered to the alveoli, inhaled medicament being absorbed into the 
bloodstream, or experimental data showing inhaled medicament being absorbed into the 
bloodstream. Defendant further objects that the question is overly broad. Subject to the 
foregoing general and specific objections. Defendant admits that Schenk contains the statement 
that "[t]he most effective manner of administration is to let the patient inhale the medical product 
directly into the bronchial tubes of the lungs" (at pg. 1). Defendant also admits that Schenk 
teaches that "respirable particles" of medicament are those particles of "such a small size that 
they may be deposited in the bronchial tree by aspiration" (at pg. 1). 
REQUEST FOR ADMISSION NO. 17 

Schenk does not teach the absorption into the bloodstream of a controlled quantity of 

12 
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medication via inhalation into the lungs. 

RESPONSE TO REQUEST FOR ADMISSION NO. 17 

Defendant objects to this Request as vague and ambiguous. Specifically, the Request 
does not indicate what is meant by "controlled quantity." Defendant further objects that the 
question is overly broad. Subject to the foregoing general and specific objections, Defendant 
admits that Schenk does not disclose data obtained from experiments involving inhalation of 
medicament into the lungs. 
REQUEST FOR ADMISSION NO. 18 

Schenk does not teach the absorption of controlled or repeatable amounts of insulin into 
the bloodstream of a patient that has inhaled insulin. 
RESPONSE TO REQUEST FOR ADMISSION NO. 18 

Defendant objects to this Request as vague and ambiguous. Specifically, the Request 
does not indicate what is meant by "controlled quantity" or "repeatable amounts." Defendant 
further objects that the question is overly broad. Subject to the foregoing general and specific 
objections. Defendant admits that Schenk does not disclose data obtained from experiments 
involving inhalation of medicament into the lungs. 

Respectfully submitted, 

Isl 



JEFFREY A. TAYLOR, D.C. BAR # 498610 
United States Attorney 



RUDOLPH CONTRERAS, D.C. BAR # 434122 
Assistant United States Attorney 
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BLANCHE BRUCE, D.C. BAR # 960245 

Assistant United States Attorney 

555 Fourth Street, N.W., Room E-4417 

Washington, D.C. 20530 

(202) 514-9150 (telephone) 

(202) 514-8780 (facsimile) 



Date: March 14, 2008 
OF COUNSEL: 



ATTORNEYS FOR DEFENDANT 



Benjamin Wood 

Mary L. Kelly 

Associate Solicitors 

U.S. Patent & Trademark Office 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



NOVONORDISKA/S 

Plaintiff, 



JON W. DUD AS 

Under Secretary of Commerce for 
Intellectual Property and 
Director of the United States Patent 
& Trademark Office, 

Defendant. 



Case No: 06-1896 (CKK) 



DEFENDANT USPTO'S SECOND SUPPLEMENTAL 
OBJECTIONS AND RESPONSES TO PLAINTIFF'S INTERROGATORIES 

Defendant Jon W. Dudas, Undersecretary of Commerce for Intellectual Property and 
Director of the United States Patent and Trademark Office ("Defendant" or "USPTO"), through 
his undersigned counsel, and pursuant to Rules 26 and 33 of the Federal Rules of Civil 
Procedure, provides his objections and responses to the interrogatories of plaintiff Novo Nordisk 
A/S ("Novo"). 

GENERAL OBJECTIONS 

1 . Discovery in this matter and Defendant's investigation of the subject matter of 
this action are ongoing. Accordingly, the following responses are given without prejudice to 
Defendant's right to provide or produce evidence of any subsequently discovered facts, names, or 
other items of information known to or within the possession, custody or control of Defendant 
that it may later recall or discover in the exercise of reasonable diligence. Defendant further 
reserves the right to change, amend or supplement any or all of the matters contained in this 
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response as additional facts are ascertained and research is completed. 

2. Objections to each interrogatory are made on an individual basis below. 
Defendant expressly incorporates each of the General Objections into each specific response to 
the Literrogatories set forth below as if set forth in foil therein. 

3. Defendant objects to the Interrogatories, and their Definitions and histructions, to 
the extent that they purport to impose on Defendant obligations that differ from or exceed those 
required by the Federal Rules of Civil Procedure. 

4. Defendant objects to the hiterrogatories to the extent that they seek information 
protected by the work-product immunity, attorney-client privilege, or any other privilege or 
restriction on discovery. 

5. Defendant objects to the hiterrogatories to the extent that they seek information 
that is publicly available and therefore obtainable from a more convenient, less burdensome and 
less expensive source. 

6. Defendant objects to the hiterrogatories to the extent that they are overbroad, 
unduly burdensome, oppressive or seek information that is beyond the possession, custody, or 
control of Defendant. 

7. Defendant objects to the Instructions to the extent they require responses from the 
Examiner of the Patent Application, from the Board of Patent Appeals and Interferences, or from 
any other USPTO employee beyond that which is authorized by 37 CF.R. § § 104.21 - .23 and 
the Manual of Patent Examining Procedure (IVIPEP) Chapter 1700. 

Subject to the foregoing General Objections, Defendant responds to the Interrogatories as 
follows: 
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SPECIFIC OBJECTIONS AND RESPONSES TO INTERROGATORIES 
INTERROGATORY NO. 1: 

State the grounds upon which the Board reHed in affirming the Examiner's final rejection 
of the claims in the Patent Application. 
RESPONSE TO INTERROGATORY NO. 1 

Defendant objects to this interrogatory as unduly burdensome, as it seeks information 
already in Plaintiffs possession. Subject to the foregoing specific and general objections, 
Defendant responds that the grounds upon with the Board relied in affirming the Examiner's 
final rejection of the claims in the Patent Apphcation are set forth in the Board's Opinion, the 
Examiner's Answer, the Examiner's final rejection, and the prior art cited therein. 
INTERROGATORY NO. 2: 

Does the USPTO know of any documents, including prior art or other references, that are 
not included in the Record but that it believes are relevant to the patentability of the invention 
disclosed and claimed in the Patent Application? 
RESPONSE TO INTERROGATORY NO. 2 

Defendant objects to this Interrogatory as premature; Defendant's investigation is 
continuing, discovery is ongoing, and Defendant reserves the right to supplement its response to 
this interrogatory in the event that additional information later becomes available. Defendant 
further objects to this Interrogatory as prematurely seeking expert opinion in advance of the date 
for the submission of Fed. R. Civ. P. 26(a)(2)(B) statements imposed by the Court. Defendant 
further objects to this hiterrogatory as vague and ambiguous and as requiring Defendant to make 
a legal conclusion. Defendant further objects to this Interrogatory to the extent that it seeks 
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information already in Plaintiffs possession, custody, or control. Subject to the foregoing 
specific and general objections, Defendant responds that it believes that there may be prior art 
references not included in the Record that are relevant to the patentability of the pending claims. 
INTERROGATORY NO. 3: 

If the answer to Interrogatory No. 2 is "yes," identify such documents. 
RESPONSE TO INTERROGATORY NO. 3 

Defendant objects to this Interrogatory as premature; Defendant's investigation is 
continuing, discovery is ongoing, and Defendant reserves the right to supplement its response to 
this interrogatory in the event that additional information later becomes available. Defendant 
further objects to this Interrogatory as prematurely seeking expert opinion in advance of the date 
for the submission of Fed. R. Civ. P. 26(a)(2)(B) statements imposed by the Court. Defendant 
further objects to this Interrogatory as vague and ambiguous and as requiring Defendant to make 
a legal conclusion. Defendant fiarther objects to this Interrogatory as unduly burdensome to the 
extent that it seeks information akeady in Plaintiffs possession, custody, or control. Subject to 
the foregoing specific and general objections, Defendant refers Plaintiff to those documents 
identified and produced at bates ranges NN-459 through NN-1 163, NN-1329 through NN-1355; 
NN-1371 through NN-1 381; andNN-2091 through NN-3 3 34. 
FIRST SUPPLEMENTAL RESPONSE TO INTERROGATORY NO. 3 (Feb. 19, 2008): 

Subject to the foregoing specific and general objections, and in addition to those 
documents identified in Defendant's Response to Interrogatory No. 3, Defendant further refers 
Plaintiff to those documents identified and produced at bates ranges NN-1357 though NN-1 370; 
NN-1 3 82 through NN-2090; NN-3335 through NN 5099; and NN-5133 through 5812. 
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Defendant further refers Plaintiff to any correspondence from Novo to the USPTO in connection 
with the prosecution of applications related to the Patent Application. 
INTERROGATORY NO. 4: 

If the answer to Interrogatory No, 2 is "yes," state whether the USPTO has relied upon 
any such documents in the proceedings below and identify such documents. 
RESPONSE TO INTERROGATORY NO. 4 

Defendant objects to this hiterrogatory as vague as the meaning of "USPTO has rehed 
upon." Assuming that Plaintiff means documents rehed upon by the Examiner in rejecting the 
pending claims, and by the Board in affirming the rejections of the pending claims, all documents 
so relied upon would necessarily be identified or included in the Record as Plaintiff has defined 
it. 
INTERROGATORY NO. 5 : 

If the answer to Interrogatory No. 2 is "y^s," identify any such documents that the 
USPTO will or may seek to introduce or rely upon in this Action. 
RESPONSE TO INTERROGATORY NO. 5 

Defendant objects to this Interrogatory as premature; Defendant's investigation is 
. continuing, discovery is ongoing, and Defendant reserves the right to supplement its response to 
this interrogatory in the event that additional information later becomes available. Defendant 
further objects to this Interrogatory as prematurely seeking expert opinion in advance of the date 
for the submission of Fed. R. Civ. P. 26(a)(2)(B) statements imposed by the Court. Defendant 
further objects to this Interrogatory as vague and ambiguous and as requiring Defendant to make 
a legal conclusion. Defendant further objects to this Interrogatory as unduly bm-densome to the 
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extent that it seeks information already in Plaintiffs possession, custody or control. Subject to 
the foregoing specific and general objections. Defendant refers Plaintiff to Defendant's response 
to Interrogatory No. 3. 
FIRST SUPPLEMENTAL RESPONSE TO INTERROGATORY NO. 5 (Feb. 19, 2008) 

Subjection to the foregoing general and specific objections. Defendant refers Plaintiff to 
Defendant's Response to Inteirogatory No. 3 and to Defendant's First Supplemental Response to 
Interrogatory No. 3 (Feb. 19, 2008). 
INTERROGATORY NO. 6: 

Identify any documents known to the USPTO, including any prior art or other references, 
that set out any protocol or guidehnes for the administration of insulin for the treatment of 
diabetes mellitus by the inhalation of powdered insuhn that the USPTO beheves are prior art to 
this application or are otherwise relevant to the patentability of the claims of the Patent 
Application. 
RESPONSE TO INTERROGATORY NO. 6 

Defendant objects to this Interrogatory as premature; Defendant's investigation is 
continuing, discovery is ongoing, and Defendant reserves the right to supplement its response to 
this interrogatory in the event that additional information later becomes available. Defendant 
ftirther objects to this Interrogatory as prematurely seeking expert opinion in advance of the date 
for the submission of Fed. R. Civ. P. 26(a)(2)(B) statements imposed by the Court. Defendant 
further objects to this Literrogatory as vague and ambiguous as to the meaning of "protocol" and 
"guidelines." Defendant flirther objects to this Interrogatory as unlikely to lead to the discovery 
of admissible evidence, as none of the claims at issue recite a "protocol" or "guideline," 
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Defendant further objects to this hiterrogatory as unduly burdensome to the extent that it seeks 
information already in Plaintiffs possession, custody, or control. Subject to the foregoing 
specific and general objections, Defendant refers Plaintiff to those documents identified in 
Defendant's response to Interrogatory No. 3 as relevant to the patentability of the pending claims, 
as well as the prior art cited by the Board and the Examiner in rejecting the pending claims. 
FIRST SUPPLEMENTAL RESPONSE TO INTERROGATORY NO. 6 (Feb. 19, 2008) 

Subjection to the foregoing general and specific objections, Defendant additionally refers 
Plaintiff to Defendant's First Supplemental Response to Interrogatory No. 3 (Feb. 19, 2008). 
INTERROGATORY NO. 7: 

Identify the source of and support for the statement in the Board's Decision that "[t]he 
fi-action that will be absorbed [into the bloodstream] relative to the total amount inhaled is 
referred to in the art as the 'respirable fraction.'" (Board Decision at 4). 
RESPONSE TO INTERROGATORY NO. 7 

Defendant objects to the insertion of the parenthetical "[into the bloodstream]" into the 
Interrogatory. Subject to the foregoing objection, the Board's decision provides no citation for 
the statement: "[t]he fraction that will be absorbed relative to the total amount inhaled is referred 
to in the art as the 'respirable fraction.'" 
INTERROGATORY NO. 8: 

Identify the source of and support for the statement in the Board's Decision that 
"medicament that is inhaled is absorbed into the blood stream by the lungs." (Board Decision at 
4.) 
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RESPONSE TO INTERROGATORY NO. 8 

The Board's decision provides no citation for this statement. However, several prior art 
references taught that inhaled medicaments such as insuhn are absorbed into the blood stream by 
the lungs. For example, Wigley et al. Diabetes, 20(8) (1971), teach that inhaled insulin can be 
recovered in the blood of test subjects. Thus, it appears that it was known to a person of ordinary 
skill in the art that "medicament that is inhaled is absorbed into the blood stream by the lungs," 
including that insuhn that is inhaled is absorbed into the blood stream by the lungs. 
INTERROGATORY NO. 9: 

Identify the source of and support for the statement in the Board's Decision that "the 
lowering of glucose levels to an acceptable level and controlling the glucose levels are both 
highly dependent upon the particular patient and a person of ordinary skill in the art would 
monitor the patient's vital statistics to achieve the desired result." (Board Decision, at 5.) 
RESPONSE TO INTERROGATORY NO. 9 

The Board's decision provides no citation for this statement. However, Harrison's 
Principles of Internal Medicine, IS"" Ed.. Vol. 2, p. 1986 (Harrison), which is one of the prior art 
references relied upon by the examiner and the Board in rejecting the claims on appeal, teaches 
that "[n]o single standard exists for patterns of administration of insulin, and treatment plans vary 
from physician to physician and with a given physician in different patients" (at p. 1986). 
Harrison also teaches that factors (such as obesity, exercise, etc.) affect insulin dose, and that 
insulin doses "must be determined by trial and error" (at p.l986), and that "[mjost insulin- 
requiring patients now monitor[,] control and alter therapy based on self-measurement of the 
capillary blood sugar . . . [S]uch measurements are necessary in all treatment schedules utilizing 
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variable insulin dosage" (at p.l987). Thus, it appears that it was known to a person of ordinary 
skill in the art that "the lowering of glucose levels to an acceptable level and controlhng the 
glucose levels are both highly dependent upon the particular patient and a person of ordinary skill 
in the art would monitor the patient's vital statistics to achieve the desired result." 
INTERROGATORY NO. 10: 

Identify any Person that the USPTO will retain or has retained as an expert in this Action. 
RESPONSE TO INTERROGATORY NO. 10 

Defendant objects to this hiterrogatory as premature; Defendant's investigation is 
continuing, discovery is ongoing, and Defendant reserves the right to supplement its response to 
this interrogatory in the event that additional information later becomes available. Defendant 
further objects to this Interrogatory as seeking expert testimony in advance of the date for 
submission of Fed.R.Civ.P 26(a)(2)(B) statements imposed by the Court. Subject to the 
foregoing general and specific objections, Defendant responds that it has not yet retained any 
person as an expert in this Action. 
FIRST SUPPLEMENTAL RESPONSE TO INTERROGATORY NO. 10 

Subject to the foregoing general and specific objections. Defendant states that it is in the 
process of engaging Dr. Myma B. Dolovich, Firestone Research Aerosol Laboratory, Department 
of Medicine, St. Joseph's Hospital, 50 Charlton Ave. East, Hamilton Ontario to provide expert 
testimony in this action. 
INTERROGATORY NO. 1 1 : 

Identify any materials reviewed, relied upon, consulted, or otherwise used by any expert 
in connection with his or her expert report, expert statement or any opinions he or she has 
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formulated in coimection with this Action. 
RESPONSE TO INTERROGATORY NO. 11 

Defendant objects to this Interrogatory as premature; Defendant's investigation is 
continuing, discovery is ongoing, and Defendant reserves the right to supplement its response to 
this Interrogatory in the event that additional information later becomes available. Defendant 
further objects to this Interrogatory as seeking expert testimony in advance of the date for 
submission of Fed.R.Civ.P 26(a)(2)(B) statements imposed by the Court. Subject to the 
foregoing general and specific objections, Defendant responds that it has not yet retained any 
person as an expert in this Action. 
INTERROGATORY NO. 12: 

Identify any Person currently or formerly associated with the USPTO with substantive 
knowledge concerning the Record or this Action. 
RESPONSE TO INTERROGATORY NO. 12 

Defendant objects to this Interrogatory as not being likely to lead to the discovery of 
admissible evidence. Defendant further objects to this Interrogatory as seeking discovery irom 
USPTO employees beyond that which is authorized by 37 C.F.R. §§ I04.21-.22 and MPEP 
Chapter 1700. Subject to the foregoing general and speciiic objections, Defendant identifies 
Aaron Lewis, Jennifer Bahr, Stuart Levy, and Anton Petting. 
INTERROGATORY NO. 13: 

Identify any Person whom the USPTO intends to present as a witness at trial. 
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RESPONSE TO INTERROGATORY NO. 13 

Defendant objects to this Interrogatory as premature; Defendant's investigation is 
continuing, discovery is ongoing, and Defendant reserves the right to supplement its response to 
this interrogatory in the event that additional information later becomes available. 
FIRST SUPPLEMENTAL RESPONSE TO INTERROGATORY NO. 13 

Subject to the foregoing general and specific objections, Defendant states that it is in the 
process of engaging Dr. Myma B. Dolovich, Firestone Research Aerosol Laboratory, Department 
of Medicine, St. Joseph's Hospital, 50 Charlton Ave. East, Hamilton Ontario to provide expert 
testimony in this action. 

SECOND SUPPLEMENTAL RESPONSE TO INTERROGATORY NO. 13 

(Feb. 19, 2008) 

Subject to the foregoing general and specific objections. Defendant identifies Prof. Myma 
B. Dolovich, Firestone Research Aerosol Laboratory, Department of Medicine, St. Joseph's 
Hospital, 50 Charlton Ave. East, Hamilton Ontario to provide expert testimony in this action. 
INTERROGATORY NO. 14: 

State the basis of any denials in Defendant's responses to Plaintiffs Requests for 
Admission to Defendant. 
RESPONSE TO INTERROGATORY NO. 14 

Defendant objects to this Interrogatory as overly broad and unduly burdensome, in that it 
asks Defendant to repeat its Responses to Plaintiffs Requests for Admission. Subject to the 
foregoing general and specific objections, Defendant refers Plaintiff to Defendant's Response to 
Plaintiffs Requests for Admission. 
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I declare under penalty of perjury that the foregoing answers to interrogatories 3, 5, 6, 13 
are true and correct based upon the information provided to me. 
Executed on /^ February, 2008 




Respectfully submitted, 



_/s/_ 



JEFFREY A. TAYLOR, D.C. BAR # 498610 
United States Attorney 



_/s/ 



RUDOLPH CONTRERAS, D.C. BAR # 434122 
Assistant United States Attorney 



/s/ 



BLANCHE BRUCE, D.C. BAR # 960245 
Assistant United States Attorney 
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METHOD OF TREATING OR PREVENTING 

TYPE 1 DIABETES BY ORAL 

ADMINISTRATION OF INSULIN 

This is a continuation of application Scr. No. 08/235,121, 
filed Apr. 28, 1994, now abandoned, which is a continuation 
of 08/070.020 filed May 28, 1993, now abandonei which is 
a continuation of 07/896,484 filed Jim. 02. 1992. now 
abandoned, which is a continuation of 07/595.468 filed Oct 
19, 1990 now abandoned. 

FIELD OF THE INVENTION 
This invention relates to methods and compositions for 
treatmg or preventing Type 1 diabetes mellitus. The methods 
of the invention do not require parenteral administiation of 
therapeutic agents. More particularly, but not by way of 
limitation, the present invention is directed to agents and 
methods for treating or js-eventing autoimmune diseases 
having the characteristics of T^ipe 1 diabetes mellitus. 

BACKGROUND OF THE INVENTION 

Diabetes mellitus is characterized in two Inroad groups 
based on cUnical manifestations, namely, the non-insulin- 
dependent or maturity onset form, also known as Type 2; and 
the insuUn-dependent or juvenile onset form, also known as ^^ 
TVpe 1. Clinically, the majority of Type 2, maturity onset 
diabetics are obese, with manifestations of clinical symp- 
toms of the disease usually appearing at an age over 40. In 
contrast. Type 1, juvenile onset patients are not over-weight 
relative to their age and height, with rapid onset of the '° 
disease at an early age, often before 30, although Type 1 
diabetes can occur at any age. 

Diabetes mellitus is a metaboUc disorder in humans with 
a prevalence of approximately one percent in the general 
population, with one-fourth of these being the lype 1, ^^ 
insulin-dependant category (Foster, D. W., Harrison 's Prin- 
ciples of Internal Medicine, Chap. 114, pp. 661-678, 10th 
Ed., McGraw-Hill, New York). The disease manifests itself 
as a series of hormone-induced metabolic abnormalities ^^ 
which eventually lead to serious, long-term and debilitating 
con^filicalions involving several organ systems including the 
eyes, kidneys, nerves, and blood vessels. Pathologically, the 
disease is characterized by lesions of the basement 
membranes, demonstrable under electron microscopy. 

Type 1 diabetics characteristically show very low or 
immeasurable plasma insulin with elevated glucagon. 
Regardless of what the exact etiology is, most T^e 1 
patients have circulating antibodies directed against their 
own pancreatic cells including antibodies to insulin, to islet 
of Langeihans cell cytt^lasm and to the enzyme glutamic 
acid decarboxylase. An Lnomune response specifically 
directed against beta cells (insulin producing cells) leads to 
Type 1 diabetes. This ^edficity is supported by the above 
dinical picture, since beta cells secrete insulin while alpha 55 
cells secrete glucagon. 

Current therapeutic regimens for Type 1 diabetes include 
modifications to the diet in order to mininiize hyperglycemia 
resulting from the lack of natural insulin, which in turn, is 
the result of damaged beta cells. Diet is also modified with 60 
regard to insulin administration to counter the hypoglycemic 
eflfects of the hamone. Whatever the form of treatment, 
parenteral administration of insulin is required for all Type 
1 diabetics, hence the term "insulin-dependent" diabetes. 

Conventional insulin therapy is limited to the parenteral 65 
(i-e. subcutaneous) administration of insulin. Oral adminis- 
tration of insulin has not been possible because the insulin 



molecule cannot pass through the digestive tract in a suffi- 
ciently intact form to provide its therapeutic benefit. There 
has been an ongoing search by those skiUed in the art for an 
alternative method to eliminate or reduce the need for 

I insulin because of the numerous problems associated with 
sul>cutaneous administration of the drug. Among Bie meth- 
ods that have been investigated are implantable insulin 
pumps and pancreatic islet cell transplantation. 

Because T^pe 1 diabetes usually manifests itself in ado- 

^ lescents and because the subcutaneous delivery of insulin 
requires strict, self-regimentation, compliance is often a 
serious problem. In addition, the act of the parenteral 
administration itself can be very traumatic to juveniles. For 
the clinician, it is difficult to precisely regulate the amounts 

5 of insulin needed at any given time of the patient's day. 
Furthermore, it is all but impossible to regulate blood 
glucose levels in diabetic padents with parenteral insulin to 
the extent to which blood glucose is regulated in normal 
individuals. 

' Thus, in the early stages of treatment of TVpe 1 diabetes, 
patients often become cither hyperglycemia or hypoglyce- 
mic because the exact timing of the insulin injections and 
levels of insuUn needed are not known. As treatment 
progresses the clinician and, more importantly, the patient 

' adjusts to the daily routine, but there is always the risk of 
ketoacidosis or hypoglycemia. 

In addition, some patients produce antibodies to the 
injected insulin even though most patients are now treated 
with human insulin produced by recombinant technology. 
This can lead to the need for higher doses of insulin. To date, 
there has been no successful oral dosage form containing 
insulin. 
The art has long sought a method for preventing and/or 

- treating T^e 1 diabetes which does not involve parenteral 
administration of insulin. Various attempts at alternate deliv- 
ery methods for insulin have failed or have not progressed 
to a practical level. For example, oral insulin, transcutaneous 
insulin delivery, and nasal insulin have not become cUnically 

, utilized. Oral insulin does not affect blood glucose levels. 
Because it has been necessary to inject lipids into maTmnaU 
receiving nasal insulin in order to get the insulin across the 
nasal mucosa, this route of insuUn administiation has been 
limited. 

I Oral dosage forms for treatment of Type 2 diabetes are 
available, (e.g. oral sulfonylureas). These orally adminis- 
tered agents do not comprise insulin but rather stimulate the 
pancreas to produce insulin, and are only effective for 
treatment of certain forms of Type 2 diabetes. As for Type 

I 1 diabetes, oral agents such as sulfonylureas are ineffective 
due to markedly diminished or damaged beta-cell mass 
(Foster, D. W., Harrison's Principles of Internal Medicine. 
Chap. 114, p. 668, lOlh Ed., McGraw-Hill, New York). 

Type 1 diabetes is considered to be a disease of autoim- 
mune etiology (Eisenbarfli, G. S., New Engl. J. Med. 314: 
1360-1368, 1986). Various anunal models are available for 
the study of Type 1 diabetes as an autoiimnune disorder. 
These include the BB mouse (Nakbookda, A. F., et al., 
Diabetologic 14: 199-207, 1978) and the NOD (non-obese 
diabetic) mouse in which diabetes develops spontaneously 
(Prochazka et al. Science 237:286, 1987). Islet-cell specific, 
CD4 and CDS T-lymphocytes have been implicated as 
causative agents for damage to beta cells, demonstrated by 
decreased incidence of Type 1 diabetes in NOD mice (J. 
Exp. Med. 166:823, 1987). 

Other therapies are being developed for the treatment of 
diseases in general. 
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Weiner et al., U.S. patent applicatiDo Ser. No. 460,852 through suitable means, such as genetic studies and analysis) 

filed Feb. 21, 1990, now abandoned (Ihe national stage of are treated with similar oral preparations of insulin, 
r^as^^?"?*?"" ^°- ■ PCT/US88/02139, filed Jun. 24, Phannaceutical formulations for oral or enteral adminis- 

1988) which IS a contouabon-m-part application of U.S. tratioa to treat TVpe 1 diabetes are prepared from commer- 
patent application Ser. No. 065,734 filed Jun. 24, 1987, now 5 daUy available insulin and a pharSutically acceptable 

abandoned di.<:doses thp. h-patmRiir nf Aiitnimmnna h;<..oco<, . .. , .. . '^ __ . •'-. *!_ 



abandoned disdoses the treatment of 



sr suitable for oral ingestion. The quantity of insulin in 



byoralad^inistrationofautoantigens. :r^^^^;;:^:^::nZ-^l^Tr^.no7.;^^^ 

Werner et al., U.S. patent application Ser. No. 454,806 total dose lequired for treatment varies according to the 

Mt^ T\«« OA 1000 _i t J j;__, ^. , . ^ ._ . . . _. ° 



filed Dec. 20, 1989, now abandoned disdoses the aerosol individual. Generally, the total quantity of insulin required in 

administration of autoantigens, disease-suppressive frag- 10 practidag the present invention is a much larger dose than 

ments of said autoantigens and analogs thereof as an effcc- is the dosage that is administered parenteraUy to protect an 

tive method for treating T-cell mediated autoimmune dis- individual afflicted with Type 1 diabetes against ketoacido- 

Weiner et al., U.S. patent appUcation Ser. No. 487,732, Additionally, an aerosol delivery system can be made with 

filed Mar. 2, 1990, now abandoned discloses synergists " similar dosages of insulin as above with a pharmaceutically 

(enhancers) for use wittj oral administration of autoantigens, suitable carrier or diluent These and other improvements 

disease suppressive fragments and analogs thereof as effec- will be described in the following descriptions, drawings 

tive treatments for T-cell mediated autoimmune diseases. and the appended daims. 

Weiner et al., U.S. patent application Ser. No. 551,632 „ 

filed Jul. 10, 1990, now abandoned as a Rule 62 BRIEF DESCRIFTION OF THE DRAWINGS 

Z^"7^n°^^'J^ ^^^f x't'i/no.o r^"' u^f ^"^r ^G. 1 is a graph showing the effects of oraUy adminis- 

Scnal No. 379,778, filed Jul 14, 1989 (now abandoned), tered pordne insulin on diabetes in NOD mice. 

discloses TTiethnds Ckf nrevt^nl-ino nr tr^it+inn t-nr^r^r-iMtiw^ittt, ;» 



FIG. 2 is a graph showing the effects of oral porcine 



discloses methods of preventing or treating uveoretinitis in 
mammals by oral administration of purified S antigen. 

',^^^t!^^'f'^'J-^':^-^f-:^'"^^'^"^^'>^'- " oToral^Z'i^NOri^^. 
7443-7446, 1986), describe the oral administration of col- Tur- ■>■ u ^. ■ ^ ^ ^ . . . . 

lagen to supfwess collagen-induced arthritis in a mouse FIG. 3 is a gr^h showing the effect of oral administration 

model. '-re "of pancreatic extracts given at weekly intervals on the 

„ ..,„ . *-.K u ^- ^, , development of diabetes in NOD mice. 

However, none ot the above-mentioned for treatments for 30 
autoimmune diseases can be used treating Type 1 diabetes 
because the antigens involved in eUdting and maintaining 
the Type 1 disease have not been identified. 

nrl-n; ?J„t*f;r 1S.^f f "^^ ^r'^'' !"^«'"^°». "^ „ referred to herdn are hereby incorporated by referoicVin 
provide agents and methods for treatmg and preventing 35 q^^ entirety / ±~ "j- ^""v-ui-c m 

autoimmune diseases in mammals having the characteristics _. 

of Type 1 diabetes. Prevention of Type 1 diabetes preferably ^^ 1^*^*°' invention addresses the need for an alternate 



All patent applications, patents and literature references 



involves treatment to hypcrglyceima. '° existing methods for the treatment of Type 1 diabetes 



Another object of the present invention is to provide 



tntoimmune model and in particular at treatment for 



.H ; ^ I- , T , « " ^"^"^ ^ ""= prevention of diabetes. Because Type 1 patients a 

7.^::Z.Z 'f^S^'^T"^ formulations useful for ^ predominantly adolescents, it is believed that lo^ t.in 

mg the Characteristic of Type 1 diabetes. ^^^ „f undamaged beta cell function if ireatment is initiated 

A stifl fiirther object of the invention is to provide at the onset of the disorder using the compositions and 

coinpositions and pharmaceutical formulations useful for ^^ mcthodsof the present invention. In addition, if the methods 

oral admmistration to mammals for the purpose of prevent- of the present invention are initiated at a time when some 

mg or attenuating the manifesutions (i.e. dinical symptoms) beta ceU function stffl exists, parenteral insulin therapy can 

of autoimmnne diseases having the characteristics of Type 1 be reduced. Urns, the present invention provides means 

diabetes. Prevention of Type 1 diabetes indudes treatment whereby long term insulin therapy would be reduced or no 

pnor to hyperglycemia. ^ io„g„ be required. 

These and other objects of the present invention will be it has now been unexpectedly discovered that oral and/or 

aj^arent to those of ordinary skill in the art in light of the aerosol administralion of insulin (or disease-suppressive 

foUcwmg. fragments of insulin or analogs thereof) is effective for the 



SUMMARY OF THE INVENTION treatmentandpreventionofType Idiabetes.Thisis 

55 departure from traditional (parenteral) insulin therapy in that 

It has unexpectedly been discovered that oral administra- insulin is administered in order to damp down or shut off the 

tion of insulin is an effective treatment for eliminating or hosts autoimmune response and not for its endooinologic 

reducing the need fw insulin in Type 1 diabetics. Oral (metabolic) effect. Oral adnanistralion of insulin has not 

insulin can prevent or ameliorate beta cell distruction and proved to be effective in treating any form of diabetes 

thereby decrease or eliminate traditional parenteral insulin eo because proteolytic enzymes present in the stomadi and 

••''^^Py- digestive system degrade ttie polypqitide before it can reach 

QraUy administerable pharmaceutical formulations con- *he bloodstream. In addition, intranasal administration of 

taining insulin are prepared and administered to mammals insulin has also not previously been shown to be effective in 

who have manifested symptoms of Type 1 diabetes and/or treating any form of diabetes. 

diagnosed as having Type 1 diabetes. AdditionaUy, subjects 65 Without wishing to be bound by theory of operation it is 

who are at risk for developing lype 1 diabetes (i.e. have believed fliat the oral or aerosol administration of insuUn 

demonstrated a predisposition to developing Type 1 diabetes pursuant to the present invention affects the immunological 



NN-3323 



Case1:06-cv-01896-CKK Document 27-12 Filed 04/02/2008 Page 8 of 11 



pathogenesis of Type 1 diabetes through the elicitation of 
suppressor T-cells. 

In the following discussions the following tenns shall 
have the meaning aseiibed to them bdow- 

"Treatmenr shall mean file treatment of acBve disease in ' 
patients with some level of undamaged, insuUn-pioducing 
beta cells as well as prophylactic administration for use in 
patients having a high risk for developing the disease. 

"Oral administration" shall mean both oral administration 
and enteral administration (direct incubation into the 
stomach). 

"Individuals at risk" for Type 1 diabetes shall mean a) 
individuals having a blood relative with Type 1 diabetes; b) 
autoantibody-positive individuals without overt T^pe 1 dia- j 
betes. These auto antibodies indude cytoplasmic islet cell 
autoantibodies, insulin antibodies and glutamic add decar- 
boxylase autoantibo(£es; c) individuals with Histocon^pat- 
ibility (HLA) type DR3 or DR4DQW8; d) individuals with 
glucose abnormalities such as a loss of first phase insulin 2 
secretion on glucose tolerance tests. 

"Mammal" shall mean any organism having an immune 
system and therefore susceptible to Type 1 diabetes. 

"Active disease", shall mean autoimmune destruction of 
islet beta cells. 2 

"Aerosol" refers to finely divided solid or liquid particles 
that may be created using a pressurized system such as a 
nebulizer. The Uqaid or solid source material contains insu- • 
lin and/ra' disease suppressive fragments of insulin and 
analogs thereof as defined herein. ^ 

'TMsease suppressive fragments" of insvdin includes any 
peptide or polypeptide containing partial amino acid 
sequences or moieties of insulin and possessing the abUity to 
treat or prevent a disease having (he cfaaiacteristics of TVpe 
1 diabetes. Such fragments need not possess flie autoanti- 
genic or endocrinologic (metabolic) properties of the entiie 
insulin molecule. 

"Analogs" of insulin or disease suppressive fragments 
thereof refers to compounds that are structurally related to 
insulin or disease suppressive fragments thereof which pos- 
sess the same biologic activity, i.e., the ability to suppress or 
prevent disease symptoms of T^pe 1 diabetes, upon oral or 
aerosol administration. By way of non-limiting example, the 
term includes peptides having amino add sequences which 4 
differ from the amino acid sequence of insulin or disease 
suppressive fragments thereof by one eg- more amino acid 
residues while still retaining the disease suppressive activity 
of insulin or its ability to prevent or alleviate the symptoms 
of Type 1 diabetes. These analogs do not necessarily need to 
possess the endocrinologic effects of insulin. 

In accordance with the present invention, experiments 
were performed in which NOD (non-obese diabetic) mice, 
whidi develop diabetes spontaneously between 11 and 52 
weeks of age, had a lower incidence of diabetes at all doses 5 
of orally administered insulin in a dose-dependent manner. 
In all of the animals which received the hi^est dose of oral 
insulin (1 mg), 1 00% of the treated animals failed to develop 
diabetes. 

Although it is fairly easy to control the symptoms of T^pe s 
1 diabetes with parenteral insuUn, it is difSciilt to normalize 
a patient's blood sugar throughout 24 horns utilizing tradi- 
tional insuUn therapy given as 1 or 2 injections a day. Thus, 
the present invention provides a method for treating or 
preventing a disease having the characteristics of Type 1 S: 
diabetes in a mammal comprising administering to a 
manamal, suffering from ot at risk for TVpe 1 diabetes, an 



effective amount of an oral insulin dosage form to treat or 
prevent the symptoms of diabetes. 

It should be noted that the methods of the present inven- 
tion will not eliminate the need for parenteral insulin ther^y 
in patients with damaged beta cells who do not produce 
enough insulin to regulate their blood sugar However, using 
the methods and compositions of the present invention, 
newly diagnosed T^e 1 diabetic patients or those at risk for 
the disease (as defined above), who have substantially intact 
(undamaged) beta cells, will not go on to develop T^pe 1 
diabetes and parenteral insulin administration may be elimi- 
nated. In addition, it is believed that the methods and 
compositions of the present invention wiU reduce the 
amount of insulin needed by those individuals having some 
beta cell function (who are able to produce some level of 
insulin) by halting progression of the disease. 

IhisuUn for use in the present invention can be obtained 
from numerous commercial sources such as Novo Labora- 
tories (Danbuiy, Conn.), Nordisk-USA(RockviUe, Md.) and 
Eli Lilly and Co. (iidianapoUs, Ind.). Porcine-derived 
insulin, human semi-synthetic insulin (Nordisk-USA) and 
cloned recombinant insulin (Eli Lilly) can be used when 
practicing the method of the present invention. 

Disease suppressive fragments and analogs of insulin for 
use in the present invention can be synthesized using well 
known solid phase synthesis techniques (Menifield, R, B. 
Fed. Proc. Am. Soc. Ex. Biol. 21: 412. 1962 and J. Am. 
Chem. Soc. 85: 2149, 1963; Mitchel, A R. et aL, J. Am. 
Chem. Soc. 98: 7357, 1976; Tam, J. et al., i. Am. Chem. Soc. 
105: 6442, 1983). Analogs can be constructed by identifying 
an equivalent amino add sequence and using the peptide 
synthesis techniques disclosed above. 

Analogs can be provided using the known amino add 
sequence of Insulin as disclosed in Atlas of Protein Sequence 
and Structure, Natl. Biockem. Res. Foundation, vol. 5,pgs. 
209-211. 

Disease-suppressive analogs and fragments can also be 
obtained using recombinant DNA techniques well-known in 
the art 

Disease suppressive fragments of insulin and analogs 
thereof can be identified using routine experimentation using 
suitable in vivo systems such as those of Examples 1-5 

Pursuant to the present invention, insulin or disease 
suppressive fragments or analogs thereof are introduced into 
a mammal suffering from or at risk for a disease having the 
characteristics of Type 1 diabetes, orally or enterally, in an 
amount of between about 2 mg per kg body weight of said 
mammal and about 10 mg per kg body weight of said 
mammal per day, and may be administered in a single dose 
form or multiple dose forms. Preferably, the insulin is 
administered in an amount between about 2.5 mg and about 
5.0 mg per kg body weight of said mammal per day. The 
exact amount to be administered will vary depending on the 
severity and stage of a patient's disease and the physical 
condition of the patient. 

The present invention also is directed to oral dosage forms 
and pharmaceutical f oimulations for administration to mam- 
mals suffering from or at risk for diseases having the 
characteristics of Type 1 diabetes. It wiU be understood that 
any statistically significant attenuation in the disease symp- 
toms of Type 1 diabetes pursuant to the treatment of the 
present invention is within the scope of the invention. 

Each oral formulation according to the present invention 
may additionally comprise inert constituents including phar- 
maceutically acceptable carriers, diluents, fillers, solubiliz- 
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ing or emulsifying agents and salts as is well-tnown in Oie that are not dissolved or suspended in 

art For example, tablets may be foimulatcd in accordance in the practice of the present inventic_. j __ 

with conventional procedures employing solid carriers well- in the form of dusting powders and comprise finely divided 

Icnown in the art Capsules employed in the present inven- particles having an average particle size of between about 1 

tion may be made from any pharmaceutically acceptable 5 »"* 5 microns, preferably between 2 and 3 microns. Finely 

material such as gelatin or cellulose derivatives. Sustained divided particles may be prepared by pulverization and 

release oral delivery systems and/or enteric coatings for screen filtration using techniques well known in the art The 

orally administered dosage forms are also contemplated particles may be administered by inhaling a predetermined 

such as those described in U.S. Pat No. 4,704295 issued quantity of the finely divided material, which can be in the 

Nov. 3, 1987, U.S. Pat No. 4,556,552 issued Dec. 3, 1985, ^°™^ ^ * powder. 

U.S. Pat. No. 4^09,404 issued Jan. 5, 1982 and U.S. Pat ^'' Specific non-limiting exan4)les of the earners and/or 

No. 4309,406 issued Jaa. 5 1982 diluents that arc usefiU in the aerosol phannaceutical for- 

Examples of soUd caniers include bentonite, silica and '""la.'ioi's "f toe present i^ention include water and 

other^mmonly used carriers. Further nonT^ti^g Phy^ologically-acceptable buffered sd^e solufions such as 

examples of carries and diluents which may be used in thf Phosphate buffered sahne solutions pH 7.0-8.0. 

f onnulntions of the present invention include saline and any " ^^l pharmaceutical formulations of the present invention 

physiologicaUy buffered saline solution sudi as phosphate T^ "^ adnmnstered in the form of an aerosol spray using 

'..i J ".,.■_- /^^o^ ^j . i/in^oj^imic for example, a nebuhzer such as those described in U.S. Pat 



buffered saline (PBS) and w 



No. 4,624,251 issuedNov. 25, 1986; U.S. Pat No. 3,703,173 



It wiU be i^preaated that the umt content of active issuedNov.21, 1972; U.S.Pat No.3,561,444issuedFeb. 9, 

ingredient or mgredients contamed in an individual dose of 1971 and U.S. Pat No. 4,635,627 issued Ian. 13, 1971. The 

each dosage form need not in itself constitute an effective aerosol material is inhaled by the subject to be treated, 

amount since the necessary effective amount can be reached other systems of aerosol deUveiy, such as the pressurized 

by administration of a pluraKty of dosage units. metered does inhaler (MDI) and the dry powder inhaler as 

Theprefenedroute ofadministration of the dosage foims disclosed in Newman, S. P. in Aerosols and the Lung, 

of the present invention is oraUy or enterally. Preferred oral Qaike, S. W. and Davia, D. eds. pp. 197-224, Buttenvorths, 

or enteral pharmaceutical formulations or dosage forms may London, England, 1984, can be used when practicing the 

comprise for example, between about 1 mg and about 1000 present invention, 

mg of insulin. Aerosol delivejy system of fee type disclosed herein are 

In an alternative preferred embodiment of the present available firom numerous commercial sources including 
invention the pharmaceutical formulations or dosage fomis ,„ F"ons Corporation (Bedford, Mass.), Scheiing Corp. 

of the present invention can also be administered to mam- (Kenilworth, N.I.) and American Pharmoseal Co., fValenda, 

mals suffering from diseases having the characteristios of Calif.)- 

T^pe 1 diabetes in aerosol form. It is expected that lower "*' expected that the methods of the present invention are 

amounts of insulin, disease suppressive fragments or ana- particularly weU-suited for use in pecfiatric or adolescent 
logs thereof wiEbercquircd using aerosol administrattonfor „ Pfenls developing Type 1 diabetes or the first year of onset 
treating or preventing Type 1 .labetes as has been found '^ f. hyP^^gJyf^a ^ whom the secondary effects of the 

When treating exp«Sm^tal allergic enc^hal^myeuS S'^„t ^^!:?; Vr,?*'^ ''™^'' "^^7, ^^W '^^ 

h^^"^r^^"""Tr"r-^"^"fnr^- ^-L^SfX^lnw^c^^^tSe't^a^^eSltf 

hs with collagen as disdosed m co-pendmg US. patent ^y -^.^ i^^J^, ^^ „^^ ^^ ,^^„^ ^1^ 

^S^n^n^H ^ f '1^*^ ^"* ^^^- ^°' ^^*'' "^'^ « As shown to the examples presented below, oral admin- 

t^.^ nf , T °S"^"^ " '^^^^!f '"PP^T." '^^f"" °f ^°«" t°^E) iice reduced the numbers of 

fragments ot analc^s thereof which may be administered in a,esc mice which subsequently went on to develop diabetes 

an aerosol dosage form would be between about 0.1 mg and at all dosages tested. In addition, at the highest dJe used (1 

10 mg per kg body weight of a mammal per day and may be mg), none of the mice went on to develop diabetes. In 
administered in single dosage form or multiple dosage 45 additicM, as shown in Exanqjle 2, the effects of oral insulin 

forms. The exact amount to be administered will vary were not due to a reduction in the serum glucose concen- 

depending on the state and severity of a patient's disease and trations in these animals and was thus not a metabolic effect 

the physical condition of the patient In addition, as shown in Exan4>le 3 below, feeding NOD 

The aerosol pharmaceutical foimalations of the present ™ce pancreatic extract also led to a diniinution in the 
invention may include, as optional ingredients, pharmaceu- 50 "'tmber of animals which developed diabetes al&ough to a 

tically acceptable carriers, dilnents, solubilizing or emulsi- l^ssa extent than those that received oral insulin, 

iying agents, and salts of the type tiiat are wdl-known in the PteUminary experiments have shown that NOD mice fed 

art Examples of such substances include normal saline 1 mg of insulin had fewer inflammat ory immune system 

solutions, such as physiologically buffered saline solutions '^"^ surrounding the pancreas (a condition known as 

and water. insulitis) than PBS-fed NOD mice (data not shown). 

Tho rn„t» ,^f o.i^;.„vw.».-» f- I- J- Therefore, oral administration of insulin to NOD mice 

The route of admimstration of msnhn or disease suppres- ,„™.=r--H i-« k- ,»-.*■ -.1, • jjw^^T- "" 

.-• ^ , ., . .. .. .*^ appeared to be affectmg me injUtration of immune system 



embodiment of^fte present mvention is m an aerosol or by preserving beta cell function. 

The present invention is described fisther below in woik- 



inhaled form. The insulin and related coiqsounds of the 



presentinvenjdoncanbeadministeredasadiypowder<.in 50 i.iZI^^ ^mr^.i;^^^:omZ"^"LT^^ 
an aqueous solution. Refened aerosol phaimat^tical for- inventionwithout limiting its scope. 



mutations may comprise for example, a physiologically- 
acceptable buffered saline solution containing between EXAMPLE 1: 
about 1 mg and about 1000 mg of insulin, disease suppres- EFFECT OF FEEDING PORCINE-INSUIJN ON 
sive fragments or analogs there<rf. g; SPONTANEOUS DIABETES IN NOD MICE 

Dry aerosolin the form offinely divided solid particles of NOD (non-obese diabetic mice) were obtained from 

msuhn, disease suppressive fragments or analogs thereof Taconic Laboratories (Gennantown, Mass.) at 4 weeks of 
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age. There were a total of 30 animals in each of the groups 
mentioned below at the beginning of the ejtperimenL At 4V5 
weeks of age, animals were orally administered Porcine 
insulin CNovo Laboratories, Danbury, Conn.). Each animal 
received two treatments orally twice a week until 9 weeks of s 
age. The mice were fed cither saline (control) or 10 
micro^ams, 100 micrograms, or 1 milligram of Porcine 
insulin. The animals were fed (gavaged) with an 18 gauge 
ball-point needle (Popper and Sons, Inc., New Hyde Park, 
N.Y.). Beginning at 10 weeks the animals were then fed once lO 
a week for a total of 33 weeks. Beginning at 12 weeks the 
urine was tested weekly for the presence of glucose using 
Caucosuria test tape (Eli Lilly, Indianapolis, Ind.). If an 
animal tested 3+ or higher on the glucose urine test, a serum 
sample was taken and blood glucose measured using a 13 
glucose analyzer (Beckman). If the blood glucose was 220 
or higher, the animals were classified as diabetic and then 
sacrificed. 

As shown in FIG. 1, no diabetes developed in any of the 
animals fed 1 mg insulin whereas diabetes developed in the 20 
control group and in the 10 microgram and 100 microgram 
groups in a dose response fashion. The p value coic^aring 
the 1 mg fed to the control is p<0.008 whereas in the 100 
microgram fed, p<0.09. 

The noimal blood insulin levd in aii animal is between ^^ 
120 to 170 mg/decaliter or mg^dl. The blood sugars in the 
animals that were fed PBS that developed diabetes were: 
575, 485, 459, 500, 375, 400, 362, 395, 480 mg^dL The 
blood sugar in the animals that were fed 10 micrograms of 
insulin which developed diabetes were: 330, 420, 315, 459, ^° 
520, 487 mg/dL Blood sugars in animals fed 100 micro- 
grams of insulin that became diabetic were: 290, 600, 450, 
500 mg/dt. Animals that were fed 1 mg of insulin were also 
tested in terms of blood sugar. None of the animals devel- 
cjied diabetes as measured by urine testing but the blood ^S 
sugar was tested as a confirmation. Blood sugar on 10 
representative animals from the group fed 1 mg insulin 
were: 174, 128, 125, 125, 145, 123, 136, 155, 115, 130 

EXAMPLE. 2: 



10 

published data in terms of generating immunologic tolerance 
and immimologic effects following the oral administration 
of proteins these results strongly suggest that oral adminis- 
tration of insulin affects the immunologic pathogenesis of 
diabetes in the NOD mice. 

EXAMPLE 3: 



T OF ORAL ADMINISTRAnON OF 
PANCREAnC EXTRACT GIVEN AT WEEKLY 
INTERVALS 
An identical experiment to Example 1 was performed in 
which NOD mice (14-17 per group) were fed one homog- 
enized pancreas derived from Lewis rats in 0.5 mis PBS. As 
shown in FIG. 3, there was a decrease in the development of 
diabetes in extract-fed animals as compared to controls. 
Nonetheless, the effect is not as dramatic and conq)lete as 
that seen in the flnimaU fed insulin. These results show some 
effect of feeding pancreatic tissue and highUgbt the potency 
of the insulin experiments described above. 

EXAMPLE 4: 



Insulin (0 to 1 mg as in Examples 1 and 2) will be 
administered to NOD mice as described above in Examples 
1 and 2 except in aerosol form by nebuUzex. 

It is expected that aerosolized insulin will be effective in 
preventing the manifestation of symptoms (i.e. 
hyperglycemia) of Type 1 diabetes in the treated mice. 

EXAMPLES: 



In order to determine whether any endocrinologic (Le. 45 
direct lowering (rf blood sugar) effects occurred following 
the feeding of insulin, 7 week old NOD mice (5 mice per 
group) were fed 1 mg of porcine insulin or 1 mg of myelin 
basic protein (obtained from Pel fteez, Rogers, Ark.) as a 
control protein. Blood glucose was then measured over the 50 
next 24 hour period. As a positive control, a separate group 
of animals were injected subcutaneously with 20 micro- 
grams of Porcine insulin. All ammals were kept in the 
fasting state. 

As shown in FIG. 2, ammals given subcutaneous insulin 55 
had an immediate drop in the glucose level with a decrease 
of approximately 80 mg % that persisted over a 4 horn- 
period and then slowly returned to normal. Animals which 
received oral insulin or oral myelin basic protein had no drop 
in the blood glucose; in fact there was an increase in Mood eo 
glucose most probably related to the protein load. Over the 
next 24 hours there was a gradual decrease in blood gflucose 
in all groups of animals since the animals were in a fasting 
state. This was seen both in ammals fed insulin and animals 
fed myelin basic protein. 55 

These results demonstrate that there were no endocrino- 
logic (metabolic) effects from feeding oral insulin. Given the 



11 (0 to 1 mg as in Examples 1 and 2) will be 
NOD mice which are suffering from hyper- 
glycemia in an oral and acxosol form. The treatments will 
begin by weeks 12-20 of age, by which the serum glucose 
levels are at hyperglycemic concentratioDS in a certain 
percentage of animals prior to onset of diabetes. 

K is expected that both oral and aerosol administration of 
insulin will lead to reduction in serum glucose concentra- 
tions to near normal levels and preservation of beta cell 
functioiL 

What is daimed is: 

1. Auietfaodfor suppressing autoimroune response against 
pancreatic beta cells in a mammal comprising orally or 
enterally administering to said TnaTninal an mount of a 
composition con^rising insulin effective to suppress said 
autoimmune response without causing a decrease in the 
blood sugar level of said mammal within 4 hours after said 

2. The method of claim 1 wherein said administration is 
via the cral route. 

3. TTie method of claim 2 wherein said administration 
suppresses autoimmune destruction of pancreatic beta cells. 

4. The method of claim 1 wherein said composition is 
orally administered as an aqueous suspension or solution of 

5. The method of claim 1 wherein said composition is 
orally administered in a fram selected from the group 
consisting of a tablet, a capsule and a caplet. 

6. The method of claim S wherein said form comprises a 
pharmaceutically acceptable carrier or diluent. 
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7. The method of claim 1 wherein said composition autoimmune response comprising orally administering tc 



consists of insulin. 
8. The method of claim 1, wherein the administration 



said patient an effective amount of a coinposition compris- 
ing insulin that wherein the insulin is susceptible to 



continues in single or multiple doses for at least 12 weeks. dation by proteolytic enzymes in the digestive tract, said 
91 Tie method of dam iwheremsaadmamma^ suffer^ 5 composition suppressing said ongoing autoiimnune 



TVpel 



}f said patient within 4 hours afar said administration. 



10. A method for treating a mammal suffering from a ^ "" ^ "^^ ^°5 preventing or suppressing the onset of 
disease selected from the group consisting of Type Idiabe- lO ^^ ^ *^'^*^' " ^ ''™^" P^*"'"' composing oraUy 
tes and animal disease states that serve as models forTVpe admmistermg to said patient an effective amount for snp- 
1 diabetes comprising the step of oraUy or enterally admin- Passing autoimmune response associated with Type 1 dia- 
istering to said mammal a composition containing an ^^^^ ^ ^ composition comprising insulin that wherein the 
* -i •_-..,!_ .^ .. ^ . insulin is susceptible to degradation by proteolytic enzymes 



response associated with said disease, without causing a 15 ^" **' digestive tract, said con^osition not causing a 
decrease in blood sugar level of said majnTnai within 4 hours deaease in the blood sugar level of said patient within 4 
after said administration. hours after said administration. 

11. A method for preventing or suppressing the onset of !'• A method of treating a human patient suffering from 

type 1 diabetes in a mammal by sufjmsssing an autoimmune ^ ^^^ °^ '"VP^ ^ diabetes characterized by an autoimmune 
response leading to Type 1 diabetes, compiising the step of 20 response, conqirising oral administration to said patient of a 
orally or enterally administering to said mammal an effec- composition comprising iosidin in amount effective to pro- 
tive amount of a composition comprising insulin, prior to •*"** "' '^^^ °"« physiological response selected from the 
said onset and without causing a decrease in the blood sugar group consisting of suppressing said autoimmune response, 
level of said mammal within 4 hours after said administra- reducing destruction of beta ceUs, and eliciting suppressor 
tion. 25 T-cells tiiat recognize insulin, said composition not causing 

IZ The method of claim 11 wherein said administration ^ decrease in the blood sugar level of said patient within 4 
is oral. hours after said administration. 

13. The method of claim 11 wherein said composition I*- 1*^ method of claim 17, wherdn the administration 
consists of insulin. continues in single or multiple doses fcM- at least 12 weeks. 

14. A method for suppressing autoimmune reaction 30 !'■ ^ method for suppressing autoiinmune response 
against pancreatic beta cells in a patient conpdsing orally or against pancreatic beta cells in a manunal comprising orally 
enterally administering to said patient an effective amount °'- enterally administering to said tnaTn-mal an amount of a 
for suppressing said autoimmune reaction of a composition composition con^Mising insnlin effective to suppress said 
comprising insulin, said composition not causing a decrease autoimmune re^onse said coiDposition not causing an 
in the blood sugar level of said patient within 4 hours after 35 acconqjanying decrease in the blood sugar level of said 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



NOVO NORDISK A/S, 



Plaintiff, 



JON W. DUDAS, 

Under Secretary of Commerce for 
Intellectual Property and 
Director of the United States Patent 
& Trademark Office, 

Defendant. 



Case No: 06-1896 (CKK) 
Judge Colleen KoUar-Kotelly 
ECF 



(PROPOSED) ORDER 

Upon consideration of Plaintiff s Motion for Summary Judgment 
Adjudging that Novo Is Entitled to a Patent and Authorizing the Director to Issue Letters 
Patent, Defendant's Opposition and Cross-Motion For Summary Judgment, Plaintiffs 
Reply and Opposition and Defendant's Reply, and the entire record in this matter, it is 
hereby 

ORDERED that Plaintiffs motion is GRANTED. 



_, 2008 



COLLEEN KOLLAR-KOTELLY 

United States District Judge 



